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azimuth 

Air  Force  VJeapons  Laboratory 
above  ground  level 

electrical  device  that  converts  electrical  analog  signais  to 
electrical  digital  signals;  see  Encoder  (optical) 


US  Navy  Tactical  Fighter 
binary  coded  decimal 
bits  per  inch 

ballistic  verification  test 

computer  term  that  denotes  1 or  0 on  tape  or  computer  logic 
Control  Data  Corporation 

photo-optical  tracking  instrumentation  that  provides  target 
position  as  a function  of  IRIG  time 

computer  interface  unit 

cathode  ray  tube 

data  coordinator  officer 

data  communication  unit 

Director  of  Defense  Research  and  Engineering  (Test  and  Evalua- 
tion) 

Edgerton,  Germishausen , and  Grier,  prime  contractor  for  develop- 
ment and  maintenance  of  instrumentation  on  the  gun  systems  and 
collection  of  field  test  data 

fixed  position  radar  to  determine  target  position  as  a function 
of  IRIG  time 

gun  interface  unit 

helium  neon,  gases  used  in  laser  system 

code  name  for  joint  test  to  determine  probability  of  hit  by 
antiaircraft  guns  against  low-flying  fixed  and  rotary  wing  air- 
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SECTION  I 
IfITROnUCTION 


1 . BACKGROUND 


MITVAL  is  an  acronyn  for  the  DOD-directed  Army /Air  Force  Joint  Test  to 
determine  the  hit  probability  of  selected  foreinn  antiaircraft  nuns  firing 
break-up  ammunition  at  maneuvering  fixed  and  rotary  wing  IIS  aircraft.  The 
objective  of  the  program  was  to  provide  a data  base  to  evaluate  and/or  modify 
selected  DOD  aircraft  attrition  models.  Director,  Defense  Research  and  Engineer 
ing.  Test  and  Evaluation  (DDR&E/T&E)  directed  the  program,  the  Army  Materiel 
Conmand  acted  as  the  executive  anent,  and  the  Air  Force  Systems  Command  (AFSC) 
provided  the  Air  Force  Deputy  Test  Director. 


The  test  equipment  in  MITVAL  I consisted  of  four  thoroughly  instrumented 
gun  systems:  Russian  ZU-23  (twin  23-mm  optical  sight),  Russian  S-60  gun  (57-mm 

optical  sight),  Russian  S-60  system  (57-mm  with  SON-9  radar  and  PUAZO  fire 
director),  and  a Federal  Republic  of  Germany  FPZ-5  (twin  35-mm  track-mounted 
tank).  The  MITVAL  II  test  utilized  the  XM-42A  weapon  system.  The  aircraft  to 
be  engaged  by  the  guns  were  Air  Force  F-4s  and  A-37s  (simulating  A-lOs)  and 
Army  AH-IG  and  OH-58  aircraft.  The  weapons  systems  were  instrumented  to  measure 
very  precisely  the  azimuth  and  elevation  pointing  angles  of  the  gun  breech, 
fire  director,  and  radars.  Gun  sights  and  fire-control  inputs  were  also 
accurately  measured.  Ballistic  trajectories  of  lethal  ammunition  are  to  be 

projected  by  computer  and  compared  with  aircraft  position  to  determine  hit 
probabi li ty. 


The  requirement  for  preliminary  tests  to  demonstrate  the  accuracy  of  the 
gun  instrumentation  system  is  contained  in  reference  1.  The  preliminary  tests 
consisted  of  a tilt  test,  system  scoring  test  (SST),  and  a ballistic  verifica- 
tion test.  This  report  documents  the  results  of  both  the  static  and  dynamic  SSTs 
for  MITVAL  I and  MITVAL  II.  The  MITVAL  I SSTs  were  conducted  at  White  Sands 
Missile  Range  (USMR)  from  October  1973  to  March  1974.  For  MITVAL  II  the  SSTs 
were  performed  during  November  1974  at  WSMR. 
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2.  nnjECTIVB  AMD  SCOPE 

The  objective  of  the  system  scoring  tests  v^as  to  determine  the  accuracy  of 
the  gun  instrumentation  system  to  be  used  in  the  field  test.  The  total  combined 
error  budget  of  the  instrumentation  systems,  as  specified  in  reference  ?,  was 
0.3  milliradians.  Possible  instrumentation  errors  consist  of  the  following: 
errors  of  the  taroet  tracking  system;  survey  errors  of  the  trackinn  system 
relative  to  the  gun;  and  gun  barrel  pointing  angle  errors,  including  gun  tilt. 
These  include  azimuth,  elevation,  and  range  errors. 

The  instrumentation  system  scoring  test  was  a comprehensive  test  composed 
of  two  basic  parts,  a static  test  and  a dynamic  test.  Static  scoring  system 
tests  were  conducted  and  analyzed  by  the  instrumentation  contractor,  EGAG. 

The  contractor  compared  fixed  taroet  positions  as  determined  by  gun  pointing 
angles  with  the  surveyed  position  of  the  targets.  The  static  tests  are  dis- 
cussed in  section  II  of  this  report. 

The  dynamic  scoring  system  test  was  conducted  as  follows: 

a.  The  ZD-23,  S-60  gun  (optical),  and  the  XM-42A  guns  tracked  a TDU-253 
tow  target  or  aircraft  at  approximately  300  knots  TAS. 

b.  W5MR  FPS-16/MPS-36  radar  and  cinetheodolites  provided  accurate 
target  position. 

c.  The  target  position  measured  by  the  pointing  angles  of  the  guns 
was  compared  with  the  target  position  measured  by  the  cinetheodolites  to  deter- 
mine the  errors  of  the  gun  pointing  instrumentation  system. 

d.  The  trackinn  errors  of  the  gun  crews  were  obtained  by  a camera 
mounted  on  the  gun  breech 

e.  The  tests  included  trials  at  from  0,5-  td''»3-km  range,  elevations  of 
from  5 to  70  degrees,  and  azimuth  angles  of  from  0 to  360  degrees. 

f.  Both  firing  and  nonfiring  trials  were  conducted  during  HITVAL  I 
against  the  tow  target.  Only  nonfiring  trials  were  conducted  in  HITVAL  II. 
Service  ammunition  was  used  in  the  firing  trials  to  determine  the  firing  effects 
on  angle  measurements. 

The  error  budget  for  the  tests  is  shown  in  table  I-l.  The  t^'tibmmended 
total  combined  ei^ror  budget  was  0.3  mrad.  This  was  obtained  by  the  root  sun 
square  of  the  individual  specified  accuracies.  The  stated  aircraft  positional 


12 


AFSUC-TR- 74-29 


Table  I-l 

ACCURACY  REQUIREFOITS  OF  HIT  SCORING  SYSTEM* 

Azimuth 

elevation  Range 

Errors  ( mra  d ) (meters ) 

Aircraft  positional  error  as 
measured  by  tracker  0.2  2 

Surveyed  positional  error  of  laser 
tracker  relative  to  gun  (based 

on  survey  accuracy  of  1/25,000)  0.04  0.2 

Angular  error  of  tracker  relative 
to  reference  direction  0.1  

Pointinn  angle  errors  of  gun 

barrel  including  gun-mount  tilt  0.7  — 

Angular  error  of  gun  mount  rela- 
tive to  reference  direction  0.1  

Total  combined  error  of  instru- 
mentation system  0.8  2 


♦Source:  WSEG/IDA  Report  197. 

error  budget  of  0,2  mrad  angular  error  and  2 meters  range  was  based  on  precision 
capability  of  a Laser  Tracking  System  (LTS).  However,  technical  difficulties 
prevented  the  LTS  from  becoming  fully  operational,  and  cinetheodolites  were 
used  as  the  primary  source  of  TSPI  data  for  targets.  WSMR  quoted  the  positional 
precision  of  the  cinetheodolite  system  as  +^1.5  meters  and  no  angular  position 
was  provided.  Table  1-2  presents  the  total  combined  error  budget  of  the 
instrumentation  system  for  1-kn  intervals  by  substituting  the  quoted  precision 
of  +1.5  meters  for  aircraft  position  error.  At  slant  ranges  from  the  gun  out 
to  4.0  km,  this  uncertainty  in  aircraft  position  will  result  in  a combined  hit 
scorinn  system  error  budget  greater  than  0.80  mrad.  The  total  combined  error 
budget  of  the  instrumentation  system  of  0.8  mrad  is  applicable  as  presented 
in  table  I-l  only  with  the  LTS.  Since  the  LTS  was  not  utilized  and  the  cine- 
theodolites  were  the  primary  TSPI  data  source,  the  error  budget  should  be  a 
sliding  scale  as  presented  in  table  1-2  and  larger  than  the  specified  0.8  mrad 
within  4.0  km  of  the  guns. 
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Table  1-2 

TOTAL  COMBINED  ERROR  BUDGET  OF  HIT  SCORING  SYSTEM 
(USING  AIRCRAFT  POSITIONAL  ERROR  OF  1.5  METERS) 

Tarqet  Combined 

to  gun  error 
slant  budciets  (using 
range  cinetheodoli tes) 

(km)  (mrad) 

1 1.66 

2 1.03 

3 0.87 

4 0.80 

5 0.77 

3.  SUMMARY  OF  ANALYSIS 

The  results  of  the  static  scoring  system  tests  of  the  ZU-23,  S-60  gun,  and 
XM-42A  reveal  that  the  accuracy  of  the  breech  pointing  measurement  system  is 
within  the  required  accuracy  of  0.8  mrad.  Since  the  instrumentation  contractor 
was  responsible  for  the  static  tests,  the  detailed  test  results  are  contained 
in  references  3,  4,  and  5. 

A summary  of  the  results  of  the  dynamic  scoring  system  tests,  for  all  three 
guns,  is  presented  in  table  1-3.  The  errors  are  grouped  into  intervals  centered 
at  zero,  with  percentages  under  the  number  of  data  points  to  assist  the  reader 
in  making  comparisons.  The  data  are  presented  in  the  following  manner: 

a.  Azimuth  errors  for  each  gun 

b.  Elevation  errors  for  each  gun 

c.  Combined  azimuth  and  elevation  errors  for  each  gun 

d.  Total  azimuth  and  elevation  errors  for  all  three  guns 

Table  1-3  shows  that  of  21,954  data  points  collected  in  both  elevation  and 
azimuth,  6412  data  samples  were  from  the  ZU-23,  5872  were  from  the  S-60  gun, 
and  9670  were  from  the  XM-42A  weapon  system.  WSEG/IDA  has  indicated  that  the 
total  combined  error  budget  of  0,8  mrad  pertains  to  one  standard  deviation 
(68  percent).  If  the  assumption  of  normality  is  made,  then  one  can  see  from 
table  1-3  that  azimuth  errors  for  the  ZU-23  at  69.6  percent,  elevation  errors 
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for  tlie  S-60  gun  at  86.4  percent,  elevation  errors  for  the  XM-42A  at  90.0  per- 
cent, elevation  errors  for  all  tiiree  guns  at  77.3  percent,  azimuth  and  elevation 
errors  for  the  XM-42A  at  77.4  percent,  and  the  combined  azimuth  and  elevation 
errors  for  all  throe  guns  at  68.9  percent  are  within  the  specified  error  budget. 
The  data  also  indicate  that  the  XM-42A  nun  instrumentation  system  demonstrated 
better  performance  with  77.4  percent  of  the  combined  azimuth  and  elevation  data 
points  falling  within  +^0.3  mrad,  in  contrast  to  the  S-60  gun  and  ZU-23  where 
the  percentages  were  65.2  and  59.6  percent,  respectively.  The  XM-42A  and  S-60 
instrumentation  systems  were  more  accurate  in  elevation  and  the  ZU-23  was  more 
accurate  in  azimuth. 
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STATIC  TESTS 


1 . METHODOLOGY 

The  methodology  and  test  procedures  used  by  EGAG  to  verify  the  accuracy  of 
the  gun  instrumentation  system  is  contained  in  references  3,  4,  and  5 for  the 
ZU-23,  S-60  gun,  and  XM-42A,  respectively.  An  extensive  discussion  of  the 
test  approach  and  procedures  are  contained  in  appendix  2,  paragraph  A.  The 
HITVAL  I tests  were  accomplished  on  the  twin  23-mm  and  the  57-nm  on-carriage 
systems,  and  the  XM-42A  system  was  used  for  HITVAL  II.  Differences  in  proce- 
dures between  HITVAL  I and  HITVAL  II  will  be  identified  in  appendix  2.  In 
general,  the  two  static  tests  were  handled  identically. 

All  gun  epcoders/resol vers  were  calibrated  and  aligned  using  the  procedures 
identified  in  appendix  2,  paragraph  A. 2.  The  static  gun  pointing  angles  were 
determined  by  the  breech  azimuth  and  elevation  encoders  which  measured  the 
breech  pointing  angles  relative  to  the  gun  base,  and  by  the  autocollimators, 
which  measured  the  roll,  pitch,  and  yaw  angles  of  the  base  relative  to  the 
ground.  The  breech  was  pointed  at  six  surveyed  targets,  positioned  in  a 
circle  of  approximately  2-km  radius.  A 5-power  rifle  telescope  attached  to 
the  gunner's  quad  plate  and  aligned  parallel  to  the  muzzle  bore  was  used  to 
lay  the  breech  "on  target."  The  vector  from  the  gun  position  to  the  target 
was  rotated  and  translated  to  the  alignrait  scope's  position  on  the  tilted 
gun  frame  by  using  the  measured  roll,  pitch,  and  yaw  angles  and  the  physical 
dimensions  of  the  gun.  The  azimuth  and  elevation  anales  between  the  alignment 
scope  on  the  tilted  gun  frame  and  the  surveyed  targets  were  computed  and 
compared  to  the  encoder-measured  azimuth  and  elevation  angles.  Thus,  the 
errors  in  azimuth  and  elevation  of  the  "gun-pointing  measurement  system"  were 
determined. 

2.  DATA  ERROR  SUMMARIES 

Table  II-l  shows  the  means  and  standard  deviations  of  the  breecu  azimuth  and 
elevation  errors  for  the  three  gun  systems  used  in  HITVAL  I and  HITVAL  II.  The 
results  of  the  static  tests  reveal  that  means  and  standard  deviations  of  the 
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Tabln  II-1 

SUMMARY  OF  STATIC  SCORING  SYSTEM  TEST  RESULTS 


(BREECH  POINTING  ANGLE  ERRORS)  (mrad) 

ZU-23  (Gun  1) 

S-60  (Gun  2) 

XM-42A  (Gun  5) 

M £k 

EL 

M el 

Mean 

0.05  0.02 

-0.04  0.14 

0.04  0.07 

Standard 

deviation 

0.29  0.60 

0.44  0.59 

0,40  0.34 

Number 

of  trials 

36 

36 

36 

breech  alignment  errors  for  the  three  nuns  are  within  the  WSEG/IDA  specified 
+0.8  mrad  accuracy  requirements.  A tabulation  of  the  breech  and  trackina 
sight  pointing  errors  for  the  ZU-23,  S-60  gun,  and  XM-42A  aun  are  presented  in 
tables  II-2  through  II-4. 

The  mean  error  provides  an  estimate  of  the  alignment  of  the  gun  instrumenta- 
tion to  the  reference  coordinate  system  (RCS).  The  mean  errors  shown  in  table 
II-l  were  all  less  than  0.1  mrad,  except  for  the  elevation  error  on  the  S-60 
nun,  which  was  0.14  mrad.  The  breech  elevation  static  scoring  measurement  on 
Gun  5 shows  better  repeatability  than  the  breech  elevation  measurements  on 
Guns  1 and  2.  The  standard  deviation  of  the  breech  elevation  error  on  Gun  5 
was  0.34  mrad,  while  on  Guns  1 and  2 it  was  0.6  mrad.  It  is  believed  that  the 
elevation  error  on  Gun  5 was  more  repeatable  because  of  a more  stable  (electro- 
optical)  tilt  system  used  on  that  gun.  Gun  1 showed  better  repeatability  in 
azimuth  than  Guns  2 and  5.  The  reason  is  unknown. 

If  the  assumption  is  made  that  the  total  population  of  errors  are  normally 
distributed,  then  vie  can  estimate  the  dispersion  of  errors  in  azimuth  and 
elevation  at  the  68  percent  ( + 1 standard  deviation)  and  95  percent  (+2  standard 
deviations)  levels  for  the  three  guns  as  shown  in  table  1 1-5.  Under  the  assump- 
tion of  normality,  68  percent  of  the  data  in  both  azimuth  and  elevation,  for 
all  three  guns,  are  within  the  required  accuracy  of  jT3.8  mrad.  At  the  95  per- 
cent level,  azimuth  for  the  ZU-23  and  both  azimuth  and  elevation  for  the  XM-42A 
are  within  the  required  accuracy.  This  indicates  that  the  precision  of  the 
XM-42A  gun  pointing  angle  measurement  system  is  superior  to  the  S-60  gun,  in 
botii  azimuth  and  elevation,  and  better  than  the  ZU-23  in  elevation.  The 
variance  is  more  pronounced  in  elevation  for  both  the  ZU-23  and  S-60  gun;  hw- 
ever,  in  the  case  of  the  XM-42A  the  variance  is  greater  in  azimuth. 
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Table  II-2 

SUMMARV  OF  DREECll  AND  TRACKING  SIGHT  POINT  ERRORS  (ZU-23) 

(mi  Hi  radians) 


Breech 

Breech 

Tarqet 

Roll 

Pitch 

azimuth 

elevation 

1 

1.01 

1.30 

0.05 

0.50 

2 

0.60 

1.30 

0.20 

0.58 

3 

0.68 

0.97 

0.71 

0.14 

4 

1.01 

0.64 

-0.03 

. 0.19 

5 

1.34 

0.97 

0.40 

-0.41 

7 

1.68 

0.97 

0.57 

-0.45 

7 

1.95 

0.72 

-0.09 

-0.37 

5 

1.60 

0.71 

0.11 

0.08 

4 

0.94 

0.37 

-0.31 

0.69 

3 

0.94 

0.71 

0.43 

-0.02 

2 

0.94 

1.04 

-0.09 

0.51 

1 

1.60 

1.04 

0.01 

0.67 

1 

13.06 

11.69 

0.22 

1.07 

2 

13.40 

11.69 

-0.03 

-0.91 

3 

12.73 

11.36 

0.23 

-1.36 

4 

13.06 

11.02 

-0.27 

-1.15 

5 

13.40 

11.02 

-0.03 

-0.26 

7 

14.06 

11.69 

0.31 

0.73 

7 

12.74 

10.83 

0.30 

-0.34 

5 

12.74 

10.49 

-0.02 

-0.17 

4 

12.08 

10.61 

-0.31 

0.11 

3 

12.08 

10.49 

0.56 

-0.19 

2 

12.41 

10.83 

-0.41 

0.15 

1 

12.41 

10.83 

-0.56 

0.81 

1 

-7.59 

-8.36 

-0.09 

0.15 

2 

-7.92 

-8.36 

0.12 

-0.80 

3 

-7.92 

-8.36 

0.25 

-0.62 

4 

-6.92 

-8.69 

-0.10 

-0.66 

5 

-7.25 

-8.69 

-0.27 

0.59 

7 

-7.25 

-8.36 

-0.21 

-0.37 

7 

-8.21 

-8.27 

0.29 

-0.71 

5 

-3.21 

-8.61 

0.23 

0.19 

4 

-7.87 

-8.61 

-0.31 

0.54 

3 

-8.87 

-8.61 

0.03 

0.74 

2 

-8.87 

-8.27 

-0.10 

0.46 

1 

-8.54 

-8.27 

0.01 

0.48 

Mean  error  0.05  0.02 

Standard  deviation  0.29  0.60 
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Table  II-3 


SUMMARY  OF  BREECH  AND  TRACKING  SIGHT  POINT  ERRORS  (S-60  GUN) 

(mi  Hi  radians) 


Target  Rol 1 


Breech  Breech 

Tch  azimuth  elevation 


1 

2 

3 

4 

5 
7 
5 
4 
3 
2 
1 
7 
1 
2 

3 

4 

5 
7 
5 

4 

3 

2 

1 

7 

1 

2 

3 

4 

5 
7 
5 
4 
3 
2 
1 
7 


0.39 

-0.27 

-O.Cl 

0.39 

0.39 

0.06 

0.24 

0.09 

-1.09 

-1.09 

-0.09 

-0.42 

9.53 

9.30 

8.97 
9.30 

9.97 
9.64 

10.34 
9.67 

9.34 
9.67 
9.67 

10.01 

-12.21 

-12.88 

-12.88 

-12.88 

-12.21 

-11.51 

-11.54 

-11.54 

-12.20 

-11.45 

-11.54 

-10.87 


0.31 

-0.02 

-0.02 

-0.02 

-0.36 

-0.02 

0.14 

0.14 

0.14 

0.14 

0.48 

0.14 

9.35 

9.35 

9.35 

9.02 

9.02 

9.35 

9.70 

9.70 

10.03 

10.03 

10.03 

10.03 

-12.54 

-12.54 

-12.88 

-12.88 

-12.88 

-12.51 

-12.31 

-12.31 

-12.31 

-12.10 

-11.98 

-11.98 


-0.27 

0.45 

0.16 

-0.40 

-0.09 

0.08 

-0.29 

-0.58 

-0.03 

0.26 

-0.46 

-0.17 

-0.53 

0.35 

0.20 

-0.43 

0.54 

0.42 

0.29 

-0.68 

-0.03 

0.21 

-0.77 

0.17 

-0.60 

0.23 

0.31 

-0.58 

-0.15 

0.63 

-0.18 

-0.62 

0.28 

0.21 

-0.62 

0.60 


0.70 

0.29 

0.53 

0.07 

0.86 

-0.69 

-0.02 

-0.26 

0.53 

1.06 

0.75 

-1.06 

-0.09 

0.52 

0.94 

1.24 

0.53 

-0.65 

0.03 

-0.23 

-0.28 

0.15 

0.67 

-0.29 

-0.31 

0.54 

0.67 

1.11 

8.09 

-0.46 

-0.08 

-0.33 

-0.79 

-0.86 

0.07 

0.12 


f'lPan  error  -0.0383  0.1408 

Standard  deviation  0.4353  0.5942 
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Table  II-4 


SUMMARY  OF  RREECtI  POINTING  ANGLE  ERRORS  (XM-42A) 

(mi  Hi  radians) 


Tarnet 

Roll 

Pitch 

Yaw 

Breech 

azimuth 

error 

Breech 

elevation 

error 

71 

6.90 

7.23 

0.00 

-0.46 

0.07 

24 

6.87 

6.82 

0.00 

-0.19 

-0.15 

41 

7.69 

6.41 

-0.32 

-0.09 

-0.13 

52 

8.10 

6.41 

-0.33 

0.25 

-0.13 

5 

8.10 

6.82 

0.00 

-0.15 

0.24 

G 

7.69 

7.23 

-0.33 

-0.23 

-0.02 

6 

7.72 

7.46 

-0.33 

-0.01 

-0.27 

5 

8.13 

7.05 

-0.67 

0.74 

0.03 

52 

8.13 

6.64 

0.00 

0.16 

0.20 

41 

7.72 

6.64 

-0.33 

0.14 

-0.02 

24 

6.90 

6.64 

-0.33 

-0.02 

-0.29 

71 

6.90 

7.05 

0.00 

0.15 

-0.27 

71 

-4.40 

-4.79 

-0.01 

0.17 

0.68 

24 

-3.99 

-5.61 

-0.16 

0.32 

-0.16 

41 

-2.76 

-6.43 

-0.67 

0.93 

-0.55 

52 

0.08 

-5.17 

-0.33 

0.64 

-0.43 

5 

1.34 

-3.15 

-0.44 

0.62 

0.10 

6 

1.34 

-2.74 

-0.33 

0.59 

0.77 

6 

0.48 

-1.09 

0.67 

-0.27 

0.32 

5 

1.30 

-1.50 

0.67 

-0.15 

0.07 

52 

1.71 

-1.50 

0.87 

-0.38 

0.17 

41 

1.30 

-1.91 

1.00 

-0.78 

0.16 

24 

0.48 

-1.91 

0.67 

-0.55 

-0.08 

71 

1.30 

-1.50 

0.67 

-0.47 

0.3^ 

71 

-2.40 

0.30 

0.67 

0.16 

0.45 

24 

-1.99 

-0.52 

• 0.33 

0.57 

0.71 

41 

-0.76 

-0.93 

0.08 

0.58 

-0.44 

52 

0.89 

-0.52 

0.67 

0.32 

0.45 

5 

1.70 

0.30 

0.67 

-0.08 

-0.15 

6 

1.70 

0.71 

0.67 

-0.03 

-0.10 

6 

1.12 

0.60 

0.67 

-0.27 

-0.06 

5 

1.12 

0.60 

0.68 

-0.33 

-0.10 

52 

1.12 

0.19 

0.68 

0.12 

0.86 

41 

1.79 

0.04 

0.67 

-0.24 

0.08 

24 

0.71 

-0.22 

0.67 

-0.37 

-0.04 

71 

1.10 

0.58 

0.67 

-0.11 

0.13 

f 

1 


Mean  error 
Standard  deviation 
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ZU-23 
S-60  qun 
XM-42A 


Table  II-5 


SUMMARY  OF  ERROR  DISPERSION 
(RREECH  POiriTiriG  ANGLE  ERRORS)  (nirad) 


68  percent  of  errors  95  percent  of  errors 


_AZ 

0.34  to  -0.24  0.60 
0.40  to  -0.48  0.73 
0.44  to  -0.36  0.41 


iL 

AZ 

to  -0.58 

0.63 

to 

to  -0.45 

0.84 

to 

to  -0.27 

0.84 

to 

EL 


-0.53 

1.22 

to  -1.18 

1 

O 

1.32 

to  -1.04 

-0.76 

0.75 

to  -0.61 

The  trackinq  sioht  pointing  errors  for  the  ZU-23  and  S-60  qun  are  summarized 
in  tables  2-4  and  2-5  in  appendix  2.  The  tracking  sight  pointing  errors  were 
tested  with  the  fire  control  system  zeroed.  The  mean  errors  and  standard 
deviation  in  sight  azimuth  and  elevation,  for  Guns  1,  2,  and  5,  are  shown  in 
table  1 1-6.  The  standard  deviation  for  both  Runs  1 and  2 showed  a large  vari- 
ance from  a naxinum  of  1.92  mrad  to  a minimum  of  0.92  mrad.  However,  the  sight 
pointing  errors  are  not  believed  to  be  as  critical  as  the  breech  pointing 
errors  and  a greater  deviation  of  errors  can  be  accepted.  The  tracking  sight 
was  further  tested  by  inputting  conditions  into  the  fire  control  system  that 
provided  maximum  lead  angles  between  the  tracking  sight  and  the  breech,  by 
laying  the  tracking  sight  on  target,  and  by  computing  the  azimuth  and  elevation 
errors  of  the  sight.  Eight  lead  angle  conditions  representinn  45°  intervals 
around  the  field  of  view  of  the  trackinq  sight  were  examined.  The  sight 
pointing  angle  test  data  showed  a large  arror  due  to  improper  alianment  of  the 
sight  mechanism.  A special  fixture,  designed  to  adapt  an  inclinometer  to  the 
traverse  lead  axis  (pin)  of  the  reflex  sight  was  used  to  check  the  alignment 
of  the  sight  mechanism. 

Table  II-6 

STATIC  SCORING  SYSTEM  TEST  RESULTS 
(TRACKING  SIGHT  POINTING  ERRORS)  (mrad) 


ZU-23  (Gun  1) 

S-60  (Gun  2) 

XM-42A  (Gun  5) 

iL 

bL  L:, 

M Lk 

Mean- 

-0.56 

-0.49 

0.14 

0.95 

0.01 

-0.05 

Standard  deviation 

1.43 

1.20 

0.92 

1.92 

0.45 

0.45 
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3.  ANALYSIS 

The  instrumentation  contractor  concluded  in  references  3,  4,  and  5 that 
the  accuracy  of  the  breech  pointing  measurement  system,  for  all  three  quns, 
is  well  within  the  required  accuracy  of  0.8  mrad.  The  inputs  dialed  into  the 
fire  contrbl  system  were  verified  and  found  to  be  within  the  specified  require- 
ments. In  addition,  the  tracking  sight  pointing  errors  were  tested  for  large 
lead  angles,  and  found  to  be  within  tolerance. 

The  HITVAL  staff  performed  an  independent  analysis  and  evaluation  of  the 
breech  azimuth  and  elevation  measuremenc  error  data,  from  the  static  scoring 
system  test  of  the  ZU-23  gun  system.  The  analytical  techniques  and  the  results 
are  contained  in  appendix  4,  paragraph  A.  The  identical  methodology  could  be 
applied  to  either  the  S-60  gun  or  XM-42A  static  scoring  system  test  data.  The 
primary  objective  of  the  independent  analysis  was  to  determine  if  there  were 
any  statistically  significant  variations  between  the  six  targets  used  and  the 
tilt  system.  The  results  of  the  analysis  indicate  that 

a.  There  is  no  significant  correlation  between  breech  azimuth  and  breech 
elevation  measurement  errors;  therefore,  each  was  studied  separately. 

b.  The  largest  measurement  errors  occurred  for  targets  numbered  3,  4,  and 

7.  The  bias  was  positive  for  targets  numbered  3 and  7 and  negative  for  target 
n umbe  r 4 . 

c.  Breech  azimuth  errors  attributable  to  both  targets  and  tilt  (roll  and 
pitch)  were  statistically  significant.  The  interaction  component  of  variance 
is  not  statistically  significant  and  is  estimated  to  be  negligible. 

d.  Breech  elevation  errors  attributable  to  both  targets  and  tilt  were  not 
statistically  significant. 

e.  Delermination  of  compliance  with  WSEG/IOA  accuracy  requirements  is  not 
as  meaningful  in  a static  test  environment  where  measurements  are  made  under 
carefully  controlled  conditions,  in  contrast  to  a dynamic  test  environment 
where  measurements  are  made  under  typical  field  test  conditions. 
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SFCTIOrj  III 
DYNAMIC  TESTS 


1.  TEST  REQUIREMENTS 

The  specific  test  requi renients  are  contained  in  reference  1.  An  extensive 
discussion  of  the  test  approach  and  orocedures  are  contained  in  appendix  2, 
parapraph  B.  The  minimum  dynamic  system  scoring  test  requirements  consisted  of 
eight  trials  for  each  of  the  three  guns:  six  nonfirina  and  two  firing  for  the 
ZlJ-23  and  S-60  guns,  and  all  eight  nonfirinq  for  the  XM-42A  gun.  The  minimum 
trials  required  are  listed  in  table  III-l  for  HITVAL  I and  in  table  III-2  for 
HITVAL  II.  Typical  flight  paths  in  relation  to  the  gun  site  are  illustrated 
in  figure  III-l.  The  order  of  trials  or  passes  were  varied  on  the  basis 
of  lighting  conditions  for  the  cinetheodolites,  visibility  for  the  pilot  or 
gun  crew,  interference  with  other  field  tests,  or  safety. 

HITVAL  I utilized  a TDU-25  tow  target  which  carried  only  four  flares;  each 
mission  was  limited  to  four  trials.  The  test  for  HITVAL  I should  have  required 
only  two  missions;  however,  WSHR  requirements  dictated  that  trials  in  the 
diagonal  direction  (122°  to  302°)  not  be  mixed  with  trials  in  180°  to  360° 
direction.  Since  six  trials  during  HITVAL  I must  be  conducted  on  the  122°  to 
302°  tracks  and  firing  trials  must  be  conducted  on  these  same  tracks,  a total 
of  two  missions  (eiaht  trials)  were  required  for  both  the  firing  and  nonfirinq 
mode.  Tiie  180°  to  360°  tracks  then  required  an  additional  mission  of  four 
trials  in  the  180°  to  360°  direction. 

HITVAL  II  utilized  an  F-4  aircraft  as  the  target  with  all  data  reduced  to 
the  nose  of  the  aircraft.  A total  of  two  missions  were  required  to  meet  the 
minimum  requirements  contained  in  table  III-2. 

2.  DATA  ACQUIRED 

Over  100  trials  were  conducted  during  HITVAL  I and  21  trials  during  HITVAL 
II  in  an  effort  to  determine  the  dynamic  accuracy  of  the  gun  instrumentation 
system.  Of  these,  useable  data  were  collected  on  19  trials  on  the  ZU-23,  14 
trials  on  the  S-60  gun,  and  16  trials  on  the  XM-42A.  The  following  data  had 
to  be  recorded  for  trials  to  be  classified  as  useable: 
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Table  III-l 


MINIMUM  TRIALS  FOR  HITVAL  I 


Trial 

No. 

Headina 

Offset 
distance/ 
di  recti  on 

Altitude 

Firing/ 
non fi ring 

NF 

1 

122 

1 km/NE 

Low 

2 

122 

2 km/NE 

High 

NF 

3 

302 

1 km/NE 

High 

NF 

4 

302 

2 km/NE 

Low 

NF 

5 

122 

1 km/NE 

High 

F 

6 

302 

1 km/NE 

Low 

F 

7 

360 

2 km/E 

High 

NF 

8 

360 

2 km/W 

Low 

NF 

Table  III-2 

MINIMUM  TRIALS  FOR  HITVAL  II 
Offset 


Trial 

No. 

Heading 

V/  1 1 ^ V 

distance/ 

direction 

A1 ti tude 

Firing 
nonfi  ring 

NF* 

1 

122 

1 km/NE 

Low 

2 

122 

2 km/NE 

High 

NF 

3 

302 

1 km/NE 

High 

NF 

4 

302 

2 km/ME 

Low 

NF 

5 

180 

1 km/E 

Med 

NF 

6 

180 

1 km/W 

Med 

NF 

7 

360 

2 km/E 

Med 

NF 

8 

360 

2 kmA/ 

Med 

NF 
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a.  Cinetheodolite  trackino  data  of  target  position 

b.  Recorded  gun  data  tape 

c.  Digitized  camera  data 

Figure  III-2  is  a typical  plot  of  tracks  of  each  trial  from  which  data  were 
collected.  Figure  1 1 1-2  represents  the  actual  data  collection  area  for  the 
dynamic  SST  on  the  S-60  gun.  The  tracks  show  the  relationship  of  the  gun 
system  position  to  that  of  the  target  during  the  trial.  An  arrow  next  to  each 
track  line  indicates  the  direction  of  travel  of  the  target  during  a particular 
trial.  Detailed  data  on  specific  trials  are  contained  in  subsequent  tables 
and  in  annexes  A,  B,  and  C. 

A comprehensive  and  detailed  summary  of  all  dynamic  trials  is  contained  in 
table  II 1-3.  This  information  was  taken  from  the  test  conductor's  logs,  sortie 
test  summaries,  site  controller's  logs  and  mission  debriefing  sheets.  The 
data  items  are  identified  by  mission  numbers  (SST-No.)  and  trial  numbers,  and 
is  the  consolidation  of  all  relevant  test  conditions.  Table  III-3  is  a 
valuable  reference  on  specific  trials  for  both  HITVAL  I and  HITVAL  II,  and  the 
following  is  a brief  explanation  of  each  data  element. 

a.  Date.  Date  of  mission  at  WSMR. 

b.  Mission  flo.  This  is  the  identification  of  a particular  range 
Period.  From  two  to  eleven  trials  v/ere  accomplished  on  each  mission.  All 
missions  are  not  consecutive  as  some  missions  were  cancelled  prior  to  flight 
and  the  mission  nunbgr  was  not  used. 

c.  Trial  :io.  The  summary  of  trials  is  the  master  index  of  trial 
numbers  and  all  trial  data  are  coded  to  these  numbers.  Several  trials  have  an 
"A"  after  the  trial  number;  this  was  done  on  some  of  the  earlier  trials  to 
designate  a repeat  of  a run,  but  this  procedure  was  later  abolished  as  reruns 
became  the  rule  rather  than  the  exception. 

d.  Gun  type.  This  indicates  the  type  gun  system  on  each  trial. 

e.  Flare  good.  A trial  with  an  operating  flare  is  marked  "Yes";  a 
trial  with  an  inoperative  flare  is  coded  "No." 

f.  Hdg.  True  heading  of  the  tow  aircraft  as  it  tracked  past  the 
closest  approach  to  the  gun  site. 
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Tatle  III-3  (cont’d) 
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23/57  Yes  302  1500  2 *IE  Tow  6sta  Yes  Yes  Yes  Yes  1730:23 
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XN-42A  H/A  347  3000  1 W F-4  7sta  Yes  Yes  Yes  Yes  1539t20  Laser  track 

T-26-T+45 


q,  Ht  AGL,  Nominal  heiqht  of  the  tow  target  or  the  F-4  aircraft 
above  ground  level.  The  actual  height  varied  up  to  +200  feet  because  of  the 
long  tow  cable  length. 

h.  Offset,  The  distance  and  direction  from  the  PCS  origin  that  was 
nominally  programmed  in  the  preflight  briefing.  Numbers  indicate  kilometers 
from  the  RCS  and  letters  stand  for  directions  in  the  eight  cardinal  directions 
from  the  RCS. 

i.  Tgt.  The  type  of  target  used.  The  first  mission  used  the  A-4 
safety  chase  as  the  target.  All  other  trials  utilized  the  TDU-25  or  the  F-4 
ai  rcraft  as  targets . 

j.  Cine  data.  Ranae  Support  Controller’s  initial  estimate  of  the 
amount  of  cinetheodolite  coverage.  The  number  of  cinetheodolite  stations 
trackinn  are  included.  General  comments  are  "No"  for  no  cinetheodolite 
coverage,  "Yes"  for  valid  cinetheodolite  coverage,  and  "Z"  for  questionable 
coverage.  A minimum  of  three  stations  was  required  for  a cinetheodolite 
solution  for  data  analysis. 

k.  Radar  data.  Two  radar  stations  generally  tracked  the  targets 
which  were  equipped  with  luneberg  lenses.  A "Yes"  in  the  table  indicates  a 
valid  track  by  one  radar.  A "No"  in  the  table  indicates  questionable  data 
primarily  due  to  the  chase  aircraft  in  the  radar  gate. 

l.  Gun  crew.  The  gun  crews  wero  asked  if  they  tracked  the  target 
and  if  they  attempted  to  fire.  For  scheduled  nonfiring  trials,  the  attempt 

to  fire  (fire  pedal)  was  recorded  as  a "Yes,"  For  firing  trials  the  number  of 
rounds  fired  was  recorded.  On  several  trials  the  gun  crew  tracked  the  safety 
chase  rather  than  the  tow  target  and  these  trials  are  marked  "Invalid"  in  the 
Track  column. 

m.  Gun  data  recorded.  The  data  in  this  column  were  gathered  from 
EG&G  at  the  debriefing  session.  It  indicates  whether  gun  data  were  collected 
by  the  computer  during  nonfiring  and  firing  trials.  If  data  were  collected 
but  were  invalidated  for  some  reason  at  the  debriefing  session,  an  "Invalid" 
is  indicated, 

n.  Mid-time  trial.  The  column  reflects  the  cross  over  time  of  target 
during  trial.  The  crossover  time  is  the  time  at  which  the  target  passed  closest' 
to  the  gun  systems.  The  time  is  recorded  in  ZULU  time  to  the  nearest  second. 


36 


AFSWC-TR- 74-29 


0.  Remarks.  This  column  is  reserved  for  pertinent  comments  for  v/hicfi 
no  specific  columns  were  provided. 

3.  DATA  SUMMARIES 

Table  III-4  provides  a summary  of  the  HITVAL  I dynamic  test  data  and 
contains  statistical  inf  ,'mation  on  32  trials.  Table  III-5  contains  similar 
information  on  flITVAL  H for  16  trials.  A brief  explanation  of  each  data 
element  for  tables  III-4  and  III-5  is  provided  for  the  reader's  convenience. 

a.  A trial  consisted  of  one  pass  of  the  target  by  the  qun  system. 

Only  trials  which  contained  complete  data  are  shown  in  the  summary. 

b.  The  gun  system  used  is  indicated  in  the  second  column. 

c.  The  error  statistics  column  contains  the  mean,  standard  deviation, 
and  percent  of  data  within  jj3.8  nirad  for  azimuth,  elevation  and  radial  on  each 
trial . 

d.  Intervals  indicating  total  data  spread  were  determined  and  are 
shown  in  the  next  column.  These  intervals  were  determined  for  azimuth, 
elevation  and  radial  by  determining  the  maximum  value  and  minimum  value. 

e.  The  time  of  track  provides  the  time  from  the  start  of  tracking 
data  to  the  end  of  tracking  data  for  each  trial.  A data  point  occurs  each 
0.1  second.  Data  points  which  require  a time  interpolation  of  0.2  second  or 
greater  for  HITVAL  I,  and  more  than  0.1  for  HITVAL  II  from  a camera  frame 
were  classified  as  unacceptable.  The  time  of  unacceptable  tracking  data 
obtained  during  the  trial  is  shown  as  well  as  the  time  of  the  longest  continuous 
acceptable  track. 

f.  The  number  of  data  points  is  the  sum  of  the  0.1-second  samples  of 
data  that  are  acceptable  for  statistical  analysis.  These  data  points  are  all 
the  0.1-second  intervals  in  which  the  closest  gun  camera  frame  is  less  than 
0.2  second  away  from  the  data  point. 

The  error  statistics  in  table  III-4  reveal  that  the  azimuth  mean  error 
varied  from  a high  of  5.6  mrad  to  a low  of  0.0  mrad,  with  an  overall  mean  of 
0.18  mrad.  The  magnitude  of  the  elevation  mean  error  had  a high  of  6.7  mrad 
and  a low  of  0.0  mrad  with  an  overall  mean  of  0.07  mrad.  The  azimuth  mean 
error  was  significantly  larger  during  dynamic  tests  in  contrast  to  static 
tests;  however,  the  elevation  mean  error  remained  essentially  the  same  in  both 
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cases.  The  azimuth  standard  deviation  for  the  ZU-23  and  S-60  Guns  was  three 
times  larqer  durinq  dynamic  tests  than  durinn  static  tests.  The  elevation 
standard  deviation  for  both  guns  was  approximately  40  percent  larger  during 
dynamic  tests  than  durinq  static  tests.  Table  III-4  also  reveals  that  53 
percent  and  56  percent  of  the  mean  azimuth  and  elevation  errors,  respectively, 
were  within  the  specified  jTD.8-mrad  accuracy  requirements.  The  average  trial 
during  HITVAL  I was  29.2  seconds  in  duration  with  an  average  continuous  track 
time  of  acceptable  data  points  of  16.9  seconds,  and  an  average  number  of 
acceptable  data  points  of  255. 

The  HITVAL  II  data  summaries  presented  in  table  III-5  contains  information 
on  16  valid  trials.  A review  of  table  III-5  indicates  that  the  azimuth  mean 
error  ranned  from  -1.2  mrad  to  +0.8  mrad  and  an  overall  mean  average  of  -0.47 
mrad.  Elevation  mean  errors  ranged  from  -0.4  mrad  to  +1.0  mrad  range  with  an 
average  of  +0.09  mrad.  The  standard  deviation  was  approximately  2 and  3 times 
larger  in  azimuth  and  elevation,  respectively,  during  dynamic  tests  than  during 
static  tests  involvinn  the  XM-42A  gun.  The  percentage  of  data  points  within 
+0.8  mrad  was  much  larger  during  HITVAL  II  than  HITVAL  I.  On  the  average,  62 
percent  of  azimuth  errors  and  85  percent  of  elevation  errors  during  HITVAL  II 
were  within  +0.8  mrad,  in  contrast  to  53  percent  of  azimuth  errors  and  56  per- 
cent of  elevation  errors  in  HITVAL  I.  The  average  trial  during  HITVAL  II  was 
36  seconds  in  duration  with  a continuous  track  time  of  20.4  seconds,  and  the 
number  of  acceptable  data  points  was  302. 

Table  1 1 1-6  is  a comparison  of  mean  and  standard  deviation  data  on  the. 
three  guns.  Although  not  specified,  ideally  the  mean  should  have  been  zero 
for  all  guns.  It  shows  the  overall  mean  varied  from  -0.46  to  +0.34  mrad. 
However,  investigation  of  individual  trials  revealed  that  the  mean  wandered 
even  greater  than  the  overall  means.  The  standard  deviation  is  within  the  O.R- 
mrad  accuracy  requirement  for  azimuth  on  Gun  5 and  both  azimuth  and  elevation 
on  Gun  2.  It  is  interesting  to  note  that  the  standard  deviation  of  azimuth 
and  elevation  errors  increased  during  dynamic  SSTs  over  the  results  obtained 
during  static  SSTs  (table  II-l).  On  Gun  1 the  azimuth  and  elevation  standard 
deviation  increased  in  mannitude  by  about  4.5  and  2 times,  respectively.  Gun  5 
azimuth  and  elevation  standard  deviation  was  about  2 and  3 times  larger  durinq 
dynamic  testing.  Gun  2 showed  a reduction  in  elevation  standard  deviation 
from  0.59  to  0.46  mrad  or  about  22  percent;  however,  azimuth  standard  deviation 
doubled  in  magnitude.  The  dynamic  scoring  measurements  showed  better  overall 
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Table  1 1 1-6 


DYNAMIC  SCORING  SYST.M  TEST  RESULTS  {ERROR  STATISTICS)  (mrad) 


Moan 

.loan 

Standard  deviation 
Nunber  of  trials 


^-23  (Gun  1)  S-60  (Gun  2)  XM-42A  (Gun  5) 


_A_Z 

EL 

EJL 

EL 

n.05 

0.02 

0.34 

0.13 

-0.46 

0.09 

1.34 

1.13 

0.79 

0.46 

0.74 

1.01 

14  16 


repeatability  in  a-:imuth  than  either  Gun  1 or  Gun  2,  but  the  elevation  standard 
deviation  was  twice  the  value  of  Gun  2. 

One  of  the  tnree  errors  defined  in  planninq  for  the  system  scorina  tests 
was  the  uncertainty  of  the  cinetheodol ite  position  of  the  tow  target  during  the 
dynamic  portion  of  the  IIITVAL  I system  scoring  test.  This  error  is  a function 
of  (1)  the  uncertainty  cf  geodetic  positions  of  the  cinetheodoli te  stations, 

(2)  the  cinethoodolite  encoder  accuracies,  (3)  the  raw  cinetheodol ite  position 

precision  limits,  and  (4)  the  precision  of  smoothed  cinetheodol i te  position 
limi ts . 

(1)  The  positions  of  each  cinetheodoli te  station  were  assumed  to  be 
accurate  and  errors  derived  from  this  assumption  were  very  small.  This 
assumption  was  made  in  the  static  tests  for  all  the  target  poles.  Errors  in 
ci netheodo 1 i te  position  were  assumed  small  as  were  errors  in  target  Dole 
posi ti on . 

(2)  Cinetheodol i te  encoder  inaccuracies  were  identified  by  USMR  as 
minimum  values.  Variable  errors  were  eliminated  during  pre-  and  postmission 
calibrations  by  computer  subroutines  based  on  calibration  estimates.  The 
encoder  accuracies  v/ere  used  to  determine  the  raw  position  orecision  siamas. 

(3)  HSMP  developed  a raw  data  tape  from  the  cinetheodol ite  ranno 
tape.  The  raw  data  tape  included  information  on  WSMR  cinotheodolite  azimuth 
and  elevation  oncoder/photo  analysis.  WSMR  estimated  the  precision  of  raw 
position  based  on  the  encoder  accuracy  limits.  The  estimate  generated  a 
standard  deviation  from  which  probabilities  of  position  uncertainty  were 
determined.  From  this  probability  estimate,  approximations  were  made  on  the 
error  limits  of  the  raw  position.  The  varying  values  of  this  standard  devia- 
tion are  plotted  in  annex  C.  These  plots  indicate  the  contribution  of  the 
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uncertainty  of  the  cinetheodolite  positions  to  the  total  errors  identified  by 
the  system  scorinp  test.  A detailed  description  of  raw  oosition  procedures  is 
contained  in  appendix  A,  paraoranh  G.  Table  III-7  v/as  prepared  to  provide 
ranges  of  the  cinetheodolite  position  standard  deviations  for  each  trial. 

(4)  If  the  raw  positions  developed  from  the  raw  tape  referred  to  above 
were  the  final  delivered  product,  then  the  accuracy  limits  referred  to  in  the 
previous  paragraph  would  be  sufficient  to  designate  the  accuracy  of  each 
position.  This,  unfortunately,  is  not  the  case.  The  raw  data  tape  was 
processed  through  a computer  program  that  fitted  a 21-point  curve  throucih  each 
21  raw  points.  The  positions  used  in  the  final  cinetheodolite  oosition  tape 
were  determined  from  this  smooth  curve  fitting  process.  The  actual  track  of 
the  target  was  a smooth  curve  and  the  smoothed  data  more  closely  fit  the  true 
trajectory  than  the  raw  position  points.  This  correction  to  the  raw  position 
accuracy  limit  generally  makes  the  standard  deviation  a smaller  value.  Because 
of  the  inability  to  subtract  the  error,  only  an  approximation  to  the  error  limit 
of  the  cinetheodolite  position  uncertainty  was  provided.  The  smoothing  residual 
plots  for  converting  raw  data  positions  to  smoothed  data  positions  are  presented 
in  annex  C,  part  B.  Table  III-O  shows  the  average  corrections  for  table  III-7 
to  estimate  cinetheodolite  position  uncertainties. 

(5)  Eased  on  the  above  discussions,  the  following  statements  can  be 
made  about  the  cinetheodolite  positions  derived  from  the  final  delivered  tape. 

(a)  The  geodetic  and  encoder  inaccuracies  were  considered 
negligible  and  insignificant. 

(b)  The  raw  position  standard  deviations  indicate  a maximum  error 
bound  on  each  position.  From  this  data,  a milliradian  error  bound  was  identi- 
fied for  the  tracking  sensor  portion  of  the  overall  instrumentation  errors 
identified  in  tables  III-4  and  III-5.  This  bound  is  smaller  when  the  added 
constraint  (smoothed  curve)  is  included.  The  data  described  in  paragraph  (4) 
above  provides  an  average  figure  less  than  this  error  bound. 

(c)  The  raw  position  sinmas  define  some  maximum  error  bound  that 
is  reduced,  on  the  average,  by  the  smoothing  residuals. 
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Table  III-7 
RAW  POSITION  PRECISION 


Radial 


sinttia 

Maximum 

Mi n i mum 

averaqe 

sipma 

siqma 

Trial 

Alt 

Hdp 

Offset 

. _(ai) 

(m) 

(m) 

2 

1000 

180 

2 E 

0.555 

0.701 

0.417 

4 

3000 

360 

2 E 

0.455 

0.880 

0.259 

7 

1000 

122 

1 NE 

2.164 

3.053 

1.012 

8 

1000 

302 

1 NE 

2.353 

3.046 

1.530 

11 

5500 

122 

2 NE 

0.768 

3.946 

0.000 

21 

1500 

122 

2 NE 

0.431 

1.576 

0.024 

25 

1000 

302 

1 NE 

4.105 

8.953 

0.245 

35 

2500 

180 

1 W 

1.005 

8.495 

0.037 

36 

1500 

360 

2 W 

0.594 

1.472 

0.268 

46 

2000 

360 

2 E 

0.324 

1.986 

0.081 

49 

2500 

360 

1 W 

0.362 

3.832 

0.041 

50 

4500 

360 

3 E 

0.777 

4.597 

0.024 

52 

1000 

180 

2 E 

0.362 

2.188 

0.070 

57 

1000 

122 

1 NE 

3.109 

14.655 

0.049 

74 

1500 

302 

2 NE 

0.759 

7.519 

0.088 

75 

2500 

302 

2 ME 

0.403 

1.127 

0.112 

77 

1500 

180 

2 W 

1.450 

3.784 

0.037 

84 

1000 

302 

1 ME 

0.253 

0.503 

0.073 

Table  III-8 


SMOOTHING 

RESIDUALS  FOR  CIMETHEODOLITE 

POSITIONS 

Mean 

Maximum 

Trial 

Alt 

Hdil 

Offset 

Centimeters 

73 

1000 

122 

1 ME 

24.8 

78 

74 

1500 

302 

2 ME 

24.0 

43 

75 

2600 

302 

2 NE 

15.6 

34 

77 

1500 

180 

2 W 

14.5 

20 

84 

1000 

302 

1 NE 

4.4 

6 

86 

5000 

122 

2.5  NE 

10.9 

19 

87 

2500 

122 

1.3  ME 

12.2 

20 

88 

1000 

302 

1 NE 

16.7 

40 

89 

2500 

302 

1 NE 

6.5 

40 

91 

1000 

122 

1 NE 

14.2 

25 

98 

2500 

122 

1 NE 

6.3 

11 

102 

5500 

302 

2 NE 

17.8 

41 

103 

1000 

302 

1 NE 

7.7 

21 

104 

1500 

122 

2 NE 

11.4 

30 

99% 

siatna 

spread 

(m) 


1.665 

1.365 

6.492 

7.059 

2.304 

1.293 

12.32 

3.015 

1.782 

0.972 

1.086 

2.331 

1.086 

9.327 

2.277 

1.209 

4.350 

0.759 


Mini  muni 


12 

6 

6 

11 

2 

4 

7 

8 
8 
9 

3 

4 
4 

4 
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4.  ANALYSIS 
a.  General 

The  process  used  to  analyze  the  dynarn’c  test  data  was  rather  complicated. 
Prior  to  testing,  the  assumptions  were  made  that  the  data  were  random  and  that 
the  data  were  normally  distributed.  The  analytical  approach  was  to  evaluate 
specified  statistical  parameters  against  accuracy  requirements.  The  initial 
trials  provided  very  little  data  and  in  many  cases  were  not  continuous. 

Changes  in  data  collection  methodology  were  developed  to  provide  better  quality 
data  of  a continuous  nature.  Trial  72  and  later  trials  reflect  the  improvements 
in  data  gathering,  and  no  data  prior  to  trial  72  were  included  in  data  summaries. 

Attempts  were  made  with  hand  calculations  to  fit  early  data  (prior  to 
trial  72)  to  the  normal  distribution  without  checking  randomness,  flalf  of 
these  attempts  failed  to  pass  the  chi-squared  goodness  of  fit  tests  (see 
appendix  4,  paragraph  E,  for  discussion).  Autocorrelation  tests  were  then 
developed  and  accomplished  on  trials  containing  10  seconds  or  more  of  contin- 
uous data  to  determine  if  the  errors  v/ere  random  and  if  the  process  is  station- 
ary (see  appendix  4,  paragraph  F,  for  detailed  information  and  annex  B for 
autocorrelation  plots).  After  analyzing  data  on  26  trials,  it  became  obvious 
that  the  data  were  nonstationary  and  thus  not  random.  Attempts  were  made  to 
determine  the  reason  for  this  nonstationarity  and  several  trials  were  ana.yzed 
using  a time  varying  mean  for  the  length  of  the  trial.  Plots  of  these  time 
varying  means  are  presented  in  annex  C. 

b.  Data  Error  Analysis 

The  data  generated  are  presented  in  several  ways.  Table  III-9  lists 
the  azimuth  errors  grouped  in  intervals  centered  at  zero.  Table  III-IO  lists 
the  elevation  errors  grouped  in  the  same  manner.  The  tables  are  presented  with 
percentages  under  the  number  of  data  points  to  assist  the  reader  in  making 
comparisons  between  trials.  The  purpose  of  this  data  error  analysis  was  to 
determine  the  number  of  data  samples  within  certain  intervals  for  each  trial. 

This  procedure  allows  for  flexibility  since  percentages  or  number  of  data 
points  can  be  used  as  desired.  The  number  of  data  points  within  each  interval 
also  allows  the  combination  of  trials  for  comparison  purposes. 

A summary  of  the  data  for  all  three  guns,  in  azimuth  and  elevation,  is 
presented  in  table  1-3.  The  table  shows  that  68.9  percent  of  the  21,954  data 
points  are  within  the  +^0.8-mrad  accuracy  requirement.  The  azimuth  for  all 


47 


ERROPs  DATA  (AZir-^.UTH) 
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threo  quns  is  60.6  percent  at  jjO.8  nrnd,  73.5  oercent  at  +1.0  mrad,  and  87.3 
percent  at  +_1.4  mrad,  as  compared  to  elevation  which  is  77.3  percent  at  +0.8 
mrad,  85.1  percent  at  +1.0  mrad,  and  93.0  percent  at  j^l.4  mrad. 

c.  Time  of  Fire  Intervals 

Concern  was  expressed  over  the  instrumentation  capability  to  measure 
accurately  durinq  the  firing  interval.  Attempts  to  measure  the  instrumentation 
accuracy  over  time  of  fire  were  continuously  •frustrated  by  inability  to  obtain 
camera  data  during  firing  intervals,  due  to  muzzle  flash  and  gun  vibration,  and 
the  crew's  capability  to  tract  the  target  during  these  intervals.  As  a result, 
large  interpolation  intervals  were  required  and  questionable  data  resulted. 

Five  firing  trials  using  the  ZU-23  gun  were  recorded:  trials  84,  98, 

102,  103,  and  104.  A loss  of  track  occurred  after  the  first  time  of  fire  on 
each  of  these  trials.  This  loss  of  camera  track  ranged  from  0.4  second  to  1.7 
seconds.  There  were  two  trials  (84  and  104)  where  only  flash  blankino  and 
vibration  precluded  tracking  capability.  On  the  other  three  trials,  the  oun 
crews  lost  the  taraet  from  the  field  of  view  in  addition  to  flash  blanking  and 
vibrati  on. 

There  were  also  five  firing  trials  using  the  S-60  gun:  trials  90,  91, 

92,  93,  and  99.  Since  the  firing  rate  on  the  S-60  is  approximately  two  rounds 
per  second,  the  total  tracking  camera  data  lost  v/as  around  1-1/2  seconds  due 
to  flash  blanking,  severe  vibration,  dust  and  smoke.  The  instrumentation 
errors  again  indicate  major  fluctuations  in  the  system  but  due  to  the  inability 
to  verify  tracking  capability,  these  errors  were  more  than  likely  due  to 
interpolation  interval  errors. 

In  summary,  it  appears  from  plots  of  azimuth  and  elevation  errors  that 
the  major  errors  during  firing  intervals  v/ere  due  to  the  inability  to  comoensate 
for  crew  tracking  errors.  Generally,  the  first  round  was  recorded  with  track- 
ing errors  included.  In  the  data  around  these  first  rounds,  there  appears  to 
be  no  difference  in  errors  before  firing  (nonfiring  intervals)  and  the  errors 
encountered  after  the  first  time  of  fire  prior  to  losinn  the  target  in  the 
flash . 
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5.  PROBLEMS  AHD  LIMITATIQ-JS  ENCOUNTERED 
a.  IIITVAL  I 

Many  problems  and  limitations  were  encountered  which  reduced  the  usable 
data  to  a small  percentane  of  the  trial  data  attempted.  This  report  will  not 
assess  the  failures  but  merely  indicate  the  problems  and  limitations  during 
data  collection. 

(1)  Many  problems  arose  concerning  operation  of  the  tow  target.  Ini- 
tially the  tow  targets  were  not  properly  balanced  and  two  tow  targets  were  lost. 
Tow  target  fuses  blew  for  undetermined  reasons  and  the  UHF  receiver  was  found 

to  be  tuned  to  the  wrong  frequency  during  postflight  failure  checkout.  The 
battery  in  the  tow  target  also  ran  down.  The  cable  cutter  assembly  malfunctioned 
twice  in  different  areas.  These  problems  caused  either  cancelled  sorties  or 
partially  successful  sorties. 

(2)  Partially  successful  sorties  were  generally  attributed  to  flare 
failures  on  the  tow  target.  A telemetry  tone  activated  a stepping  switch  to 
allow  current  to  activate  the  flares.  Any  break  in  this  chain  resulted  in  an 
inoperative  flare.  Numerous  Glares  ignited  sympathetical ly.  This  problem  was 
solved  by  inserting  asbestos  shields  between  the  flares.  The  tow  target  was 
seldom  visible  to  the  gun  crew  unless  the  flare  was  innited.  A few  trials  were 
successful  without  a flare,  but  data  on  these  trials  were  of  short  duration. 
Digitized  film  data  were  marginal  without  the  flare  to  highlinht  the  tow  target 
positi on . 

(3)  IR^G  timing  was  critical  to  all  the  instrumentation  since  every- 
thing was  based  on  time.  Several  times,  low  levels  of  TRIG  timing  signals 
were  received  by  the  instrumentation  van  and,  as  a result,  synchronization 
'dropouts  occurred.  The  data  collected  during  these  periods  were  not  usable. 

(4)  Laser  power  supply  problems  in  the  muzzle  deflection  system  were 
uncovered  during  early  testing  on  the  ZU-23.  Many  periods  of  time  synchroniza- 
tion dropouts  occurred.  The  cause  was  traced  to  a loose  solder  joint  in  the 
laser  power  supply. 

(5)  Partial  mission  failures  were  occasionally  attributable  to  incor- 
rect film  exposure.  Several  live  missions  were  lost  attempting  to  find  the 
proper  setting.  IRIG  time  correspondina  to  each  frame  was  recorded  on  the  edoe 
of  the  filn).  The  diodes  that  provide  the  timing  were  incorrectly  adjusted  for 
some  of  the  earlier  missions. 
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(6)  The  camera  field  of  view  was  initially  desiqned  at  +15  mrads. 

Poor  tracking  results  on  the  early  missions  indicated  that  this  was  definitely 
too  small.  Because  of  this  problem,  early  ZU-23  trials  (through  SST-11) 
provided  mininiun)  data  from  the  camera.  The  field  of  viev/  was  redesigned  to 
approximately  double  the  field  of  view  for  the  ZU-23.  The  larger  field  of 
view  was  in  effect  after  SST-19. 

(7)  After  changeover  to  the  S-60  gun,  a failure  was  observed  in  the 
time  of  fire  (TOf)  pressure  transducer.  This  eliminated  useful  data  on  two 
mi ssi ons . 

(8)  The  software  used  an  interpolation  scheme  that  required  three  data 
points  before  and  after  time  of  fire  to  interpolate  the  exact  time  of  fire. 

The  time  synchronization  dropouts  mentioned  in  paragraphs  (3)  and  (4)  above 
played  havoc  with  this  scheme  and  data  were  available  only  through  a data  dump. 
Time  of  fire  data  were  not  determined  when  one  of  these  six  data  points  was 
missing.  As  a result  of  this  problem  and  the  field  of  view  problem,  no  data 
were  obtained  over  the  firing  periods  for  missions  up  to  SST-26, 

(9)  WSMR  radar  systems  were  reported  to  have  an  angular  precision  of 
+^0.3  mrad  and  +15  yards  range  precision.  Radar  tracking  data  depended  on  the 
position  of  the  radar  in  relation  to  the  track  of  the  target.  In  translating 
the  calculations  to  the  RCS,  one  radar  may  utilize  range  data  to  determine 
RCS  azimuth,  whereas  another  radar  may  utilize  azimuth  data  to  determine  RCS 
azimuth.  Also,  the  TDU-25B  tow  target  had  two  luneberg  lenses  physically 
separated  by  approximately  8 feet,  one  mounted  in  the  nose  and  the  other  mounted 
in  the  tail.  Depending  on  the  radar  site  tracking  and  the  geometry  of  the 
target  in  relation  to  the  radar  and  RCS,  differences  in  range  and/or  azimuth 
could  occur.  Consideration  should  be  given  to  these  factors. 

(10)  A minimum  of  three  cinetheodolites  v/ere  required  for  a valid 
solution.  Any  additional  cinetheodolite  stations  provided  more  accurate  data. 
These  factors  are  also  considered  in  determining  valid  trials. 

(11)  The  tracking  capability  of  the  ZU-23  gun  crews  on  the  early 
missions  was  severely  limited  due  to  the  out-of-balance  condition  of  the  barrel 
of  the  ZU-23.  The  equalizer  spring  was  redesigned,  but  did  not  completely 
eliminate  the  balance  problem.  However,  it  closely  approximated  the  original 
balance.  The  spring  v/as  substituted  on  SST-12. 
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(12)  During  erirly  January  1974,  the  • contractor,  EG&G,  reported  that 
three  errors  caused  problems  in  data  reduction.  These  are  discussed  below. 

(a)  Target  No.  7 Geodetic  Error 

The  position  of  target  No.  7 was  encoded  into  the  computer 
with  a 1.4-meter  error  in  elevation.  This  caused  a maximum  of  0.4-mrad  error 
in  the  static  data  on  that  target.  However,  the  alignment  checks  in  the  pre- 
trial alignment  used  target  Mo.  7 as  a guide  to  the  pre-  and  oosttrial  heatina 
errors.  Since  this  target  was  used  for  a bias  check  in  pre-  and  posttrial 
calibration,  the  error  was  also  entered  into  all  dynamic  data  in  a complex 
format.  It  was  difficult  to  determine  where  and  how  much  the  error  affected 
all  data  collected.  It  was  shown,  however,  that  the  maximum  error  was  0.4  mrad 
and  was  primarily  in  elevation.  Since  the  same  computer  program  was  not  used 
on  the  57-mm  system,  the  error  was  not  introduced  into  any  57-mm  data.  Trials 

35,  36,  and  37  were  rerun  with  this  error  eliminated  and  all  later  data  reflect 
this  correction. 

(b)  Superelevation  Error 

The  computer  program  was  written  without  a small,  parallel 
superelevation  calculation.  This  calculation  was  added  later  to  the  computer 
analysis  program.  The  maximum  azimuth  error  was  2 mrads  at  high  elevation 
angles  and  reduced  to  zero  at  zero  elevation.  This  error  only  affected  azimuth 
and  at  50  degrees  elevation,  it  equated  to  approximately  1.4  mrads.  Trials  2, 

4,  7,  and  8 listed  in  this  report  have  some  portion  of  this  error  included. 

These  trials  were  not  reaccomplished.  All  other  trials  have  this  error  corrected. 

(c)  Dinitized  Film  Calibration  Factors 

The  calibration  of  the  EGAG  digitizer  for  the  LOCAM  camera 
film  was  accomplished  by  exposing  film  showing  one  of  the  fixed  target  poles. 

The  zero  position  of  the  film  v;as  adjusted  by  the  differences  between  the 
center  of  the  target  pole  and  the  center  of  the  film.  On  several  trials  this 
correction  factor  was  applied  backwards  and  instead  of  removing  the  errors, 
the  errors  were  doubled.  The  errors  that  resulted  varied  from  very  small  up 
to  5 mrads  in  azimuth  and/or  elevation  planes.  The  calibrations  were  reaccom- 
plished and  the  data  rerun  on  the  computer.  Again,  trials  2,  4,  7,  and  8 were 
ignored,  since  they  were  small  and  inconclusive  trials. 
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(13)  The  development  of  the  film  from  the  LOCAM  cameras  v/as  of  minimal 
quality  until  SST-20. 

(a)  The  timing  data  were  of  poor  quality  when  developed  in  the 
rapid  processor.  In  several  cases,  the  automatic  reader  made  mistakes  and  in 
some  cases  could  not  read  the  diode  light  images.  This  cAused  timing  problems 
and  added  labor  to  the  digitization  process. 

(b)  Calibration  of  the  film  was  difficult  due  to  the  poor  process- 
ing quality  of  the  film.  With  the  expanded  field  of  view  on  the  camera,  this 
problem  increased. 

(14)  The  wandering  mean  problem  concerned  the  nonstationary  behavior 
of  azimuth  and  elevation  scoring  system  data.  It  was  identified  by  the  HITVAL 
staff  and  reviewed  during  the  WSEG/IDA  meeting  on  22  April  1974.  On  12  May 
1974,  a meeting  was  held  at  WSMR  to  organize  an  Air  Force/Army  Ad  Hoc  Committee 
to  investigate  this  anomaly. 

(a)  The  following  areas  were  identified  by  the  Ad  Hoc  Committee 
as  areas  requiring  further  investigation; 

Range  and  instrumentation  timing 

Computer  software 

Gun  and  gun  instrumentation 

Cinetheodol i te  data 

(b)  The  final  Ad  Hoc  Connittee  report  was  presented  to  DDR&E, 
USEG/IDA,  and  the  HITVAL  staff  on  13  September  1974  (ref.  6).  The  committee 
proposed  a dynamic  comparison  test  of  the  gun  instrumentation  system  to  deter- 
mine the  accuracy  of  the  gun  encoders  for  both  position  and  time  while  the 
system  was  in  the  tracking  mode.  Generally,  the  Ad  Hoc  Committee  concluded 
that 

The  timing  system  was  not  the  source  of  the  problem. 

There  was  no  evidence  to  suspect  the  cinetheodol ites,  since 
analysis  indicated  that  correlation  between  guns  could  be  discounted. 

Extensive  questioning  of  WSMR  personnel  on  the  ci netheodol i te  calibration  and 
software  programs  used  to  develop  the  cinetheodol i te  position  data  convinced  the 
Ad  Hoc  Committee  that  the  cinetheodol  ites  were  more  accurate  than  the  WSMR 
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guarantee  of  4^1.5  meters.  Also,  analysis  of  the  individual  trials  revealed 
the  mean  wandered  in  a manner  not  accountable  by  position  error.  It  is  con- 
ceivable that  a small  portion  of  the  wandering  mean  error  may  be  attributable 
to  cinetheodoli te  position  accuracy. 

Gun  calibrations  are  not  repeatable  and  may  introduce  an 
unknown  but  appreciable  measurement  error.  The  committee  recommended  a complete 
calibration  analysis. 

The  dynamic  comparison  test  proposed  by  the  committee  and 
conducted  by  EG&G  indicated  that  the  gun  instrumentation  system  was  not  directly 
responsible  for  the  wandering  mean  problem.  A dynamic  comparison  test  was 
accomplished  by  EG&G  to  determine  if  the  encoders  lead  or  lag  during  rapid 
slew  of  the  guns  and  if  the  wandering  mean  can  be  attributed  to  this  fact.  A 
test  using  a lOO-frame-per-second  camera  mounted  on  the  breech  and  boresighted 
to  the  tube  was  slewed  at  three  speeds  past  several  fixed  target  poles.  At 
high  slew  rates  the  encoders  appeared  to  lag  the  breech  but  at  slow  rates  near 
the  SST  tracking  rates,  there  appeared  to  be  no  lag  or  insignificant  lag.  The 
test  procedures,  results,  and  conclusions  are  contained  in  reference  7. 

The  HITVAL  computer  software  was  not  analyzed  because  the 
committee  did  not  possess  the  expertise  or  time  to  evaluate  the  software.  The 
committee  recommended  that  an  independent  verification  and  validation  (V&V)  of 
all  applicable  IlITVAL  software  be  accomplished. 

(c)  As  a result  of  the  Ad  Hoc  Committee's  recommendation,  it  was 
determined  that  a comprehensive  investigation  of  the  wandering  mean  phenomenon 
should  be  performed  by  EG&G.  EG&G  concluded  (ref.  8)  that  the  HITVAL  software 
and  related  analytical  and  geometrical  calculations  were  correct,  and  were  not 
a contributing  factor  to  the  wandering  mean  problem.  Anomalies  in  azimuth  and 
elevation  exist  outside  the  software  area.  These  are  attributable  to  mechanical 
aspects  of  the  instrumentation,  and  to  calibration  nonrepeatabi lity  and  subse- 
quent procedures  for  selecting  pre-  or  postcalibration.  EG&G  indicated  that 
proper  considerations  applied  to  these  anomalies  will  result  in  improvements 

in  HITVAL  I data,  and  evidence  indicates  that  the  wandering  mean  will  be 
substantially  reduced. 

(d)  EG&G  was  placed  on  contract  in  February  1975  to 

Determine  the  exact  cause  of  the  wandering  mean  phenomenon 
and  improve  HITVAL  I dynamic  scoring  test  data. 
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Review  the  main  test  data  from  HITVAL  I and  determine  the 
amount  of  data  improvement  which  can  be  achieved. 

If  DDPAE  and  WSEA/IDA  determine  that  the  improvement  is 
significant,  EG&Gwill  reprocess  all  HITVAL  I main  test  data. 

(e)  The  results  of  EG&G's  efforts  to  imporve  HITVAL  I data  will 
be  presented  directly  to  DDRAE  and  HSEG/IDA  at  some  future  date, 

b.  HITVAL  II 

The  utilization  of  an  E-4  aircraft  in  place  of  the  TUU-25  eliminated  all 
of  the  tow  target  problems  encountered  in  the  HITVAL  I scoring  system  test. 

Also,  experience  gained  in  approximately  1 year  of  preliminary  and  field  test- 
ing was  beneficial  to  the  contractor  and  the  test  staff  in  decreasing  instru- 
nentation  problems  and  in  improving  testing  procedures.  However  beneficial  the 
experience,  problems  still  occurred  which  will  be  mentioned  briefly. 

(1)  The  first  piission  was  invalid  because  the  breech  camera  was  not 
boresighted  properly. 

(2)  In  an  effort  to  eliminate  tracking  problems  encountered  in  HITVAL 
I,  the  gun  crew  attempted  the  first  mission  in  mode  I or  full  radar  mode.  To 
place  the  target  in  the  field  of  view  of  the  breech-mounted  camera,  the  time  of 
flight  computer  input  was  removed  from  the  system,  which  effectively  removed 
the  elevation  and  lead  angle.  However,  in  this  mode  of  operation,  the  system 
had  an  oscillatory  tracking  motion  and  laqqed  the  target  to  such  an  extent 
that  the  target  was  out  of  the  field  of  view  of  the  breech  camera  for  much  of 
the  mission.  On  the  next  mission,  the  gun  crews  were  instructed  to  go  to  mode 

IV  or  manual  track.  In  this  mode,  tracking  was  difficult,  but  adeguate  to 
obtain  reguired  data. 

(3)  For  four  trials,  the  last  digit  of  the  IRIG  timing  code  on  the 
film  from  the  breech  camera  was  unreadable  with  the  automatic  film  digitizer. 

Hewever,  the  data  were  salvaged  by  a manual  processing  procedure  which  was  very 
time  consuming. 
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appendix  I 

DESCRIPTION  OF  TEST  EQUIPMENT 

This  appendix  deacrtbos  the  instrumentation  used  in  the  scoring  system  test. 

FPS-16  radar  (or  eguivalent)  and  cinetheodolites  were  used  to  provide  two 

independent  sources  of  tracking  data  o,  the  aerial  target.  The  radar  and 

Cinetheodolite  systems  win  not  be  described  here  because  they  are  normal  TSPI 
instrumentation. 

A.  GUN  SENSORS 

on  the  ^ "»asure„«nt  of  physical  quantities 

1-23,  ZU-57,  and  XM-42A  (figures  1-1  and  1-2).  Optical  encoders. 

^nufactured  by  Baldwin  Electronics,  were  used  to  sense  basic  shaft  positi«,s 
representing  breech  azimuth  and  elevation  positions.  They  were  coupled 
directly  to  the  rotating  centerline  of  the  equipment. 

2.  Resolver/digitizer  systems  were  used  to  project  a digital  representa- 
tion of  quantities  measured  on  the  gun  systems.  These  quantities  are  the 
inputs  to  the  on-carriage  lead  computino  sights  and  the  output  angles  repre- 
senting gun  Sight  position  with  respect  to  the  gun  mount.  These  quantities 
are  normally  geared  to  the  resolver  with  appropriate  gear  ratio  to  orovide  the 

highest  possible  resolution  while  retaining  adequate  range  to  measure  the  full 
excursion  on  all  values. 

1-nl^  sensors  was  the  pressure  transducer  system  (figure 

- use  to  sense  the  passage  of  each  round  from  each  barrel.  The  pressure 

transducer  was  mounted  near  the  muzzle  and  responded  to  the  pressures  in  the 
barrel  as  the  projectile  exited. 

4.  The  final  class  of  sensors  was  a set  of  switches  which  were  activated 

troiw  ^ Th'""  P'"®'  -IbPi^ssi'on.  or  by  the  gun  con- 

tro  er.  These  switches  provided  neans  to  sense  the  time  of  target  detection 
mask/unmask,  and  fire  pedal  depression. 

5.  Optical  Shaft  position  encoders  are  devices  that  convert  an  analog 
^chanica  input,  such  as  angular  displacement,  to  a binary  digital  output 
through  photoelectric  means.  Coupling  the  input  shaft  of  the  encoder  to  any 
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other  shaft  results  1n  the  analog  input  angle  anpearinq  in  digitized  form  at 
the  encoder  oucput.  The  input  shaft  is  rigidly  connected  to  a glass  disk  upon 
v/hich  IS  a photographically  engraved,  binary,  dioital  code  pattern  Thus  a 
rotation  of  the  input  shaft  by  an  angle,  u,  relative  to  some  reference,  results 
in  a rotation  of  the  code  pattern  by  the  same  angle  about  the  same  reference 
A narro>.,  light  beam  illuminates  the  code  pattern  along  a radial  line,  f read- 
out midex  ,s  located  on  the  side  of  the  code  disk  away  from  the  light  source. 
The  index,  winch  is  a narrow  slit  aperture,  is  radially  aligned  with  respect 
to  the  code  pattern,  and  views  the  illuminated  radial  segment  of  the  disk. 

The  light  rays  passing  through  the  readout  index  can  be  controlled  by  the' 
density  of  the  photographically  engraved  code  pattern.  Very  close  to  the 
index  and  directly  behind  it  is  a bank  of  photocells  which  detect  the  light 
being  admitted  through  the  index.  Since  the  code  is  binary,  two  stable  states 
are  needed  per  digit,  and  the  code  pattern  consists  of  combinations  of  either 
opaque  or  transparent  segments.  Thus,  depending  on  whether  an  opaque  or 
transparent  segment  is  between  the  lamp  and  photocell  through  the  readout  slit 
the  corresponding  photocell  will  be  either  dark  or  illuminated. 

6.  The  resolver/digitizer  encoding  systems  are  designed  for  measuring 
nechanical  motions  of  rotation  and  reporting  the  measured  value  in  the  form  of 
parallel  digital  data  to  external  data  processing  equipment.  The  basic  encoding 
system  consists  of  a transducer  and  an  absolute  encoder.  The  transducer  is 
coupled  to  the  driven  element  and  produces  low-frequency  (W-Hz  range)  analog 
signals  that  are  proportional  to  the  angular  position  of  the  driven  element.  ’ 
These  signals  are  transmitted  over  system  cabling  to  the  absolute  encoder. 

The  absolute  encoder  contains  the  microelectronic  circuits  that  process  the 

transducer  signals  and  produce  the  parallel  digital  data  that  are  then  supplied 
to  the  external  data  processing  equipment. 

B.  TILT  MEASUREMENT  SYSTEM 

1.  Tilt  of  the  nun  base,  in  azimuth  and  elevation,  is  measured  using 
optical  techniques  where  a light  beam  is  reflected  off  a mirror  mounted  on  the 

gun  base.  The  angle  of  the  reflected  beam  is  neasured  relative  to  the  incident 
beam  to  determine  the  tilt  angles  (finure  1-4). 

2.  The  nxiasurement  of  pitch  and  roll  is  accomplished  using  a biaxial 
optical  autocollimator  (figure  1-5).  A collinated  light  beam  is  projected 
horizontally  and  reflected  90»  to  a mirror  mounted  in  a horizontal  position  on 
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the  base  of  the  qun.  Tilt  of  the  mirror  mounted  on  the  gun  base  alters  the 
angle  of  the  return  beam  to  the  autocollimator.  These  channes  are  detected 
electronically  by  an  x-y  transducer,  and  the  position-to-analog  voltage  con- 
verter provides  an  analog  signal  representing  position.  The  independent  x and 
y analog  signals  out  of  the  converter  are  digitized  in  an  analog-to-digital 
converter.  An  external  clock  and  trigger  system  provides  sample  commands  to 
the  A-D  converters,  and  the  digital  data  is  entered  into  the  buffer  system. 

3.  Measurement  of  the  yaw  (i.e.,  the  azimuth  shift)  of  the  gun  mount  is 
accomplished  using  a uniaxial  autocollimator.  The  collimator/light  source 
generates  a vertical,  triangular-shaped  light  beam  which  is  reflected  off  a 
mirror  positioned  vertically  on  the  gun  base,  and  focused  onto  a horizontal 
photosensitive  array.  Changes  in  position  of  the  reflecting  mirror  alters  the 
position  of  the  return  light  beam  on  the  photosensitive  array  which  is  detected 
electronically.  The  signal  is  processed  to  determine  yaw. 


4.  The  system  operates  at  1 KHz  and  measures  the  roll, 

components  of  tilt  up  to  +20  milliradians  about  each  axis.' 
system  are 


pitch , and  yaw 
Components  of  the 


a.  Roll  and  pitch  autocollimator  head 

b.  Yaw  autocollimator  head 

c.  Control  and  power  supply  chassis 

d.  Base  plate  assembly  (with  concrete  pier  under  nun) 

e.  45°  folding  mirror  assembly 

f.  Gun  reference  mirrors 

g.  Gun  Referencr-  mirror  assembly  mounts 
C.  PHOTOGRAPHIC  CAMERAS 


1.  Photographic  cameras  are  used  in  measuring  the  angular  position  of  the 
target  relative  to  the  centerline  of  the  gun  barrel.  The  method  employs  16-mm 
framing  cameras  manufactured  by  Red  Lake  Laboratories,  Santa  Clara.  California 
(figure  1-6).  The  camera  is  capable  of  both  pulsed  operation  (to  15  pulses 
per  second),  and  continuous  framing  up  to  200  frames  per  second.  IRIG-A  time 
IS  recorded  on  the  edge  of  each  frame.  The  cameras  employ  a 250-mm  lens  to 
provide  the  resolution  necessary  to  meet  the  accuracy  requirements. 
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2.  The  cameras  used  were  LOCAM  Model  1GA-5AC,  a hiqh-speed  motion  picture 
catmra,  full-frame,  pin-renistered,  intermittent  movement,  16-mm  x 400-foot 
capacity.  The  23-mm  gun  system  had  two  LOCAM  cameras,  one  mounted  parallel 

to  each  barrel.  The  57-mm  system  had  only  one  camera  mounted  parallel  to  its 
barrel . 

3.  For  the  initial  portion  of  the  tests  the  cameras  had  a +15-mrad  field 
of  view  for  both  guns.  The  23-mm  qun  crew  were  unable  to  track  and  hold  the 
target  in  this  small  field  of  view,  resultina  in  sparse  camera  tracking  infor- 
mation, Subsequently,  the  field  of  view  was  increased  to  +27  mrad.  The  57-mm 
tracking  was  better  than  the  23-mm;  however,  the  field  of  view  on  the  57-mm  gun 
was  changed  to  +^27  mrad  so  maximum  data  could  be  obtained. 

4.  Initial  camera  rates  were  2 frames  per  second  for  the  nonfire  mode  and 
48  frames  per  second  whenever  the  fire  pedal  was  depressed.  Data  rates  were 
insufficient  for  nonfire  modes  so  an  adjustment  was  made  to  allow  more  tracking 
film  during  the  nonfiring  periods.  Frame  rates  increased  to  24  frames  per 
second  by  throwing  a switch  when  the  gun  crew  initiated  target  track. 

D.  MUZZLE  DEFLECTION  MEASUREMENT  SYSTEM  INSTRUMENTATION  (not  used  on  XM-42A) 

1.  Muzzle  deflection  was  measured  using  a Reticon  MC-500  series  photodiode 
matrix  array  camera.  The  camera  contained  a self-scanned  50  x 50  matrix  array 
of  silicon  photodiodes  in  the  focal  plane  of  the  lens  to  provide  a standard  TV 
video  output  and  sync  signals.  The  video  processing  system  accepts  the  standard 
TV  signals  from  the  camera  and  processes  the  data  to  produce  digital  x and  y 
signals. 

2.  The  svstem  consisted  of  a HeNe  laser  light  source  modulated  by  means 

of  a Pockel  s cell.  The  system  is,  in  effect,  an  autocollimator  which  measured 
absolute  angular  deviations  of  each  barrel  muzzle  with  respect  to  the  boresight 
axis  of  the  camera  objective  unit.  Mirror  and  beam  splitters  were  utilized  in 
the  camera  objective  box  in  such  a manner  as  to  make  the  Reticon  camera  and  the 
transmitted  light  source  all  coaxial.  The  laser  beam  was  returned  to  the 
cam, era  objective  by  means  of  a muzzle-mounted  mirror  (figure  1-7). 

3.  Th,s  system  was  not  used  for  the  system  scorin''  test  but  is  required 
for  the  ballistics  verification  tests.  Because  of  the  later  requirement  this 
instrumentation  was  monitored  during  this  portion  of  the  test.  During  actual 
firing  intervals,  this  system  proved  to  be  very  unreliable.  The  Reticon  matrix 
a rray  recorded  data  sufficiently  when  small  deflections  (+10  mrad)  occurred. 
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During  firing  intervals,  deflections  of  up  to  20  to  40  mrad  must  be  assumed. 
Angular  rates  of  laser  spot  movement  were  also  recorded  up  to  4 radians  per 
second.  Insufficient  laser  light  during  these  high  angular  rate  periods  may 
have  caused  the  photocell  jrray  to  inaccurately  register  values.  The  system 
optics  are  being  redesigned  to  nearly  double  the  field  of  view. 

4.  The  camera  utilized  a Reticon  matrix  array  to  achieve  an  image  to 
electronic  signal  conversion.  The  design  was  100  percent  solid  state,  and 
achieved  the  conversion  with  the  high  geometric  precision  associated  with 
photolithographic  techniques  by  which  the  arrays  are  manufactured.  All  required 
processing  was  included  in  the  camera  to  derive  the  (a)  sample/held  video  out- 
put; (b)  X,  y display  drive  signals;  and  (c)  sync  signaling  end  of  frame.. 

5.  The  HeNe  laser  which  provided  the  light  source  was  a 2-mW  laser. 

Coherent  Radiation  Model  80.  Its  wavelength  was  6328  K (red). 

E.  ROUND  EXIT  TIME  MEASUREMENT  INSTRUMENTATION 

For  the  measurement  of  round  exit  time  (time  of  fire)  for  each  projectile 
during  the  system  scoring  test,  a pressure  transducer  was  mounted  on  the  end  of 
the  barrel.  A small  hole  was  drilled  to  allow  measurement  of  the  barrel -pressure 
levels.  As  the  projectile  passed  the  pressure  transducer  opening  prior  to 
the  barrel  exit,  the  transducer  recorded  a large  pressure  spike.  This  signal 
was  amplified,  cut,  and  transmitted  as  the  time  of  fire  (TOP)  indication.  The 
TOF  was  recorded  with  IRIG  A timing  so  that  the  millisecond  of  TOF  was  indicated. 

F.  GUN  INTERFACE  UNIT  (GIU)  (figure  1-8) 

1.  The  nun  interface  unit  provided  the  following  elements  for  the  HITVAL 
tests : 

a.  Pov/er  for  gun  sensors 

b.  Housing  for  tilt  chassis 

c.  Multiplexers  for  the  gun  data 

d.  Sample  rates  to  the  gun  sensors 

e.  Synchronization  of  gun  data  to  IRIG  time 

f.  Data  conditioning  for  serial  transmission  to  the  computer  interface 

unit. 
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2.  The  GIU  was  a 50-inch  rack  with  four  chassis.  Two  chassis  contained 
power  supplies  for  the  qun  sensors.  The  tilt  system  power  supply  and  data 
conditioning  were  provided  by  a third  chassis.  The  fourth  chassis  contained 
the  data  comuni cati ons  unit  (DCU). 

3.  The  DCU  commanded  all  sensors  to  provide  data  in  sync  with  IRIG  time. 

The  DCU  received  all  data  as  parallel  binary  information. 

A.  The  data  was  multiplexed  and  conditioned  for  serial  transmission. 

Along  with  the  gun  data,  the  DCU  read  the  RCD  time  of  day  from  the  IRIG  input. 

The  time  of  day  information  was  multiplexed  together  with  the  gun  data.  The 
multiplexer  also  formatted  the  data  for  the  computer.  The  formatted  data  were 

changed  from  parallel  to  serial  and  transmitted  to  the  computer  interface 
unit. 

G.  COMPUTER  INTERFACE  UNIT  (CIU)  (figure  1-9) 

1.  The  computer  interface  unit  accepted  serial  input  data  from  the  GIU 
and  converted  this  data  into  parallel  data  for  transfer  to  the  computer.  Also, 
the  unit  checked  parity  and  signals  parity  errors  to  the  conputer  in  the 
recording  and  processing  (R&P)  van.  The  CIU  displayed  the  status  word  gener- 
ated by  the  GIU  indicating  gun  identification  and  any  other  pertinent  flag 
information.  It  also  displayed  a selected  channel  of  data  as  chosen  by  the 
front  panel  "digi"  switches,  and  provided  an  analog  monitor  output  for  this 
selected  channel . 

2.  Major  components  of  this  subsystem  are  (a)  optical  isolators:  high- 

speed optical  isolators  that  provide  ground  isolation  between  the  CIU  and  the 
GIU;  (b)  serial-parallel  converter:  this  element  accepts  serial  information 

from  the  GIU  and  converts  it  into  parallel  format  required  by  the  computer; 

(c)  LED  displays:  two  each  16-bit  light  emitting  diode  (LED)  displays  presented 

information  in  an  easily  read  digital  format;  (d)  di gi tal-to-analog  converter: 
this  element  converted  digital  data  from  any  selected  channel  to  analog  form 
for  monitoring  during  initial  setup  or  trouble  shooting. 

H.  DATA  SYSTEM  PROCESSOR  INSTRUMENTATION 

1.  The  heart  of  the  data  system  processor  instrumentation  was  the  HP  2100A 
computer  (figure  1-10).  This  computer  offered  the  following  elements  as  standard 
equipment  in  the  main  frame:  (a)  memory  parity  check;  (b)  memory  protect;  (c) 

extended  arithmetic  instructions;  (d)  optional  floating  point  hardware. 
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2.  The  unit  had  16,384  sixteen-bit  v/ords  of  memory.  In  addition,  it  had 
space  in  the  main  frame  chassis  for  the  field  installation  of  16,384  words  of 
additional  memory  and  floating  point  hardware.  The  processor  provided  a 
buffer  between  the  different  input/output  data  streams. 

3.  The  instrumentation  supporting  the  processor  consisted  of  a disc  with 
an  average  transfer  rate  of  50  words/sec  and  a total  storage  of  greater  than 
two  million  words. 

4.  The  terminal  was  a standard  ASR-33  teletype  (figure  1-11)  which 
operated  at  10  characters  per  second.  As  a tool  for  data  quality  assuran'-e 
and  for  presenting  the  test  reports  in  a clear  and  concise  manner,  the  system 
was  equipped  with  a HP  7210A  digital  plotter.  For  the  data  output  to  be 
processed  later  on  other  computers,  the  processor  had  two  (IBM)  standard,  seven- 
track  computer-compatible  magnetic  tape  transports  which  operated  at  a speed 

of  45  ips.  The  data  were  written  with  a byte  density  of  556  bites  per  inch. 

I.  HITVAL  TEST  SOFTWARE 

1.  The  software  required  to  support  the  scoring  system  test  consisted  of 

three  major  programs:  (a)  data  acquisition  program;  (b)  static  engineering 

units  program;  and  (c)  dynamic  engineering  units  program. 

2.  The  data  acquisition  program  acquired  data  from  the  CIU  associated 

with  each  gun  system.  The  data  were  written  on  the  computer  disc  with  identifi- 
cation information.  The  data  collection  was  started  and  stopped  manually  by 
the  computer  operator.  Following  completion  of  a trial,  the  data  were  either 
(1)  copied  from  disc  to  magnetic  tape  for  subsequent  processing  or  (2)  processed 
by  loading  a processing  program  from  the  system  disc. 

3.  For  the  static  phase  of  the  scoring  system  test,  the  static  engineering 
u'.its  program  was  loaded  directly  following  completion  of  data  acquisition. 

This  program  converted  all  electronically  measured  data  from  the  oun  system 
into  engineering  units,  computed  the  aligned  sight  vector  from  measurements, 
and  compared  it  with  the  computed  sight  vector  from  surveyed  data.  This  com- 
parison yielded  the  errors  of  the  gun  pointing  measurement  system.  During 
system  checkout  it  was  discovered  that  differential  heating  of  the  gun  by  the 
sun  caused  tilt  leveling  problems  in  the  system.  To  solve  these  tilt  problems, 

a computerized  method  of  instrumentation  alignment  was  developed.  (See  appendix 
2,  paragraph  A.2.f(6) . ) 
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In  the  dynamic  phase  of  the  scorinq  system  test,  essentially  the  same 
programs  were  used  to  measure  the  gun  pointing  angles  relative  to  a towed  target 
instead  of  a fixed  target  pole.  The  dynamic  engineering  unit  program  read  the 
raw  gun  data  from  the  magnetic  tape  and  converted  it  to  an  output  tape  contain- 
ing the  engineering  units  and  time  for  all  data.  The  data  tape  provided  the 
necessary  information  for  later  processing  and  analysis  of  the  dynamic  perform- 
ance of  the  gun  measurement  system, 

5.  All  software  programs  were  checked  by  preparing  simulated  data  records. 
The  simulated  data  were  processed  in  the  normal  manner.  The  results  were  com- 
pared against  manually  calculated  results  to  verify  program  performance. 

J.  RECORDING  AND  PROCESSING  VAN 

1.  A recording  and  processing  (R&P)  van  (figure  1-12)  housed  the  processor 
equipment,  facilities  for  the  site  controller  and  a small  work/repair  space  for 
operating  personnel.  The  floor  plan  of  this  van  is  shown  in  figure  1-13. 

2.  The  van  was  a leased,  office-type  trailer  (figure  1-13)  with  tandem 
axles.  One  end  of  this  van  provided  an  8 x 15-foot  data  laboratory  which 
housed  the  processor  and  all  related  dioital  equipment.  An  8 x 5-foot  section 
at  the  other  end  provided  a control  area  for  use  by  the  site  controller.  The 
communications,  timing,  and  range  interface  equipment  required  by  the  site 
controller  was  located  in  this  area.  The  central  8 x 15-foot  'section  was  a 
work  area. 

3.  The  range  provided  an  IRIG  timing  receiver  and  it  was  located  at  the 
front  of  the  van.  The  IRIG  receiver  provided  IRIG  A timinn  to  the  van  and 
through  the  van  to  the  GUI  for  each  gun  system. 
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Figure  1-2.  Typical  Resolver  on  S-60  Run 
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Figure  1-4.  Drawing  of  Tilt  Measurement  System 
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Figure  1-6.  LOCAM  Mounted  on  S-60  Gun 
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Figure  1-7.  Muzzle  Deflection  System  Diagram 


Figure  1-8.  Gun  Interface  Unit  (GIU) 
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Figure  1-11.  ASR-33  Teletype  Unit 


I 

Figure  1-12.  Recording  and  Processing  Van 
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Figure  1-13.  HITVAL  Instrumentation  Van  (Recording  and  Processing  Van) 
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APPEMDIX  2 

TEST  APPROACH  AND  PROCEDURES 

This  appendix  identifies  the  test  approach  for  the  system  scoring  test  and 
defines  the  procedures  used  for  each  portion  of  the  test.  The  system  scoring 
test  is  basically  two  tests:  a static  test  and  a dynamic  test.  Each  test  was 
accomplished  on  the  twin  23-mm  and  57-mm  on-carriaqe  system  and  the  XM-42A. 
Differences  in  procedure  or  approach  for  either  gun  will  be  identified  in  this 
appendix.  In  general,  the  three  gun  systems  were  handled  identically.  Static 
and  dynamic  tests  differ  in  that  the  targets  used  for  each  test  were  different. 
Static  test  results  were  reported  by  EG&G  reports  "Static  Scoring  Test:  ZU-23," 

"Static  Scoring  Test:  S-60  (on-carriage),"  and  "Static  Scoring  Test:  XM-42A," 

and  much  of  the  information  recorded  here  was  taken  directly  from  these  reports. 

A.  STATIC  TESTS 

1.  Approach 

a.  The  static  test  consisted  of  calibration  checks  of  the  gun-mounted 
portion  of  the  instrumentation.  The  primary  calibration  reference  was  survey 
data  providing  the  locations  of  fixed  targets  placed  at  various  azimuths  from 
the  gun  position  at  a given  distance  less  than  2 km.  Figure  2-1  shows  the 
general  placement  of  the  targets  and  guns  in  the  HITVAL  test  areas  of  WSMR. 

b.  All  gun  encoder/resolvers  v/ere  calibrated  and  aligned  by  the  pro- 
cedures listed  in  paragraph  A. 2,  this  appendix.  The  static  gun  pointing  angles 
were  determined  by  the  breech  azimuth  and  elevation  encoders,  which  measured 
the  breech  pointing  angles  relative  to  the  gun  chassis  (base),  and  by  the  auto- 
collimators, which  measured  the  roll,  pitch,  and  yaw  angles  of  the  base 
relative  to  the  ground  (figure  2-2). 

c.  The  breech  was  pointed  at  six  surveyed  targets,  positioned  in  a 
circle  of  an  approximate  2-km  radius  around  the  gun  position,  as  shown  in 
figure  2-1.  The  rectangular  coordinates  (x,y,z)  of  the  gun's  position  and  of 
the  surveyed  targets  in  the  reference  coordinate  system  (RCS)  were  known 
(table  2-1).  The  physical  measurements  of  the  gun  that  determined  the  position 
of  the  alignment  telescope  relative  to  the  gun  position  were  also  known  and 
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Table  2-1 


TARGET  AND  GUN 

POSITIONS  IN 

THE  REFERENCE  COORDINATE 

SYSTEM 

Target 

X 

y 

z (meters) 

1 

1573.856 

-102.571 

13.546 

2 

1136.616 

2205.187 

-1.160 

21 

1373.462 

2094.780 

-4.943 

22 

1309.269 

2124.370 

-1.794 

7 

-295.203 

2064.355 

11.466 

4 

-1554.696 

1095.513 

21.387 

41 

1554.864 

1098.477 

11.140 

51 

-2460.176 

-215.887 

78.990  (not  used) 

52 

-2460.209 

-215.890 

153.300 

5 

-1611.855 

-1860.113 

28.029 

6 

-196.505 

-1920.860 

27.998 

7 

1486.949 

-2035.050 

39.174 

Gun  Position 
ZU-23 

-5.604 

128.491 

1.590 

Gun  Position 
S-60 

172.094 

110.325 

1.195 

Gun  Position 
XM-42A 

-123.188 

-144.813 

3.015 
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are  shown  in  finure  2-3  for  the  ZU-23  and  figure  2-4  for  the  S-60  gun.  A five- 
power  rifle  telescope  attached  to  the  gunner's  quad  plate  and  aligned  parallel 
to  the  muzzle  bore  (the  left  muzzle  bore  on  ZU-23)  was  used  to  lay  the  breech 
"on  target." 

d.  The  vector  from  the  gun  position  to  the  target  was  rotated  and 
translated  to  the  alignment  scope's  position  on  the  tilted  gun  frame  by  using 
the  measured  roll,  pitch,  and  yaw  angles  and  the  physical  dimensions  of  the 
gun.  The  azimuth  and  elevation  angles  between  the  alignment  scope  on  the 
tilted  gun  frame  and  the  surveyed  targets  were  computed  and  compared  to  the 
etKOder-measured  azimuth  and  elevation  angles.  Thus,  the  errors  in  azimuth  and 
elevation  of  the  "gun-pointing  measurement  system"  were  determined.  Figure 
2-5  shows  a systematic  diagram  of  the  measured  parameters  that  determine  the 
breech  pointing  errors.  The  static  engineering  unit  program  computes  and 
prints  out  the  determined  pointing  annle  errors  for  each  target  sighting. 

Figure  2-6  is  a sample  computer  printout  of  the  static  engineering  unit  program. 

e.  The  inputs  to  the  fire  control  systems  were  verified  by  positioning 
the  input  dials  to  knov/n  settings,  activating  the  computer,  printing  out  the 
encoder  data  in  engineering  units,  and  then  manually  checking  the  computer  with 
the  dial  settings. 

f.  The  tracking  sight  pointing  angles  were  determined  by  four  encoder 

neasurements:  (1)  breech  azimuth,  (2)  range  carriage  elevation,  (3)  sight 

elevation  lead,  and  (4)  sight  traverse  lead,  which  were  geometrically  trans- 
formed to  yield  the  azimuth  and  elevation  angles  of  the  sight  relative  to  the 
base.  With  the  inputs  to  the  fire  control  system  at  zero  (which  sets  the 
tracking  sight  parallel  to  the  breech),  the  azimuth  and  elevation  angles 
between  the  tracking  sight  on  the  tilted  gun  frame  and  the  surveyed  targets 
were  computed  and  compared  to  the  measured  angles  geometrically  transformed 
from  the  four  encoder  measurements.  Thus,  the  errors  in  azimuth  and  elevation 

of  the  tracking  angles  were  determined  for  zero  lead  angles  on  the  tracking 
sight. 

g.  The  tracking  sight  was  further  tested  by  inserting  conditions  into 
the  fire  control  system  that  provided  large  lead  angles  between  the  tracking 
sight  and  the  breech,  and  then  laying  the  tracking  sight  "on  target"  and  com- 
puting the  azimuth  and  elevation  errors.  Eight  lead  angle  conditions,  at 
approximately  45-degree  intervals  in  the  360-degree  (vertical/horizontal)  field 
of  view  of  the  tracking  sight,  were  tested. 
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2.  Alignment  Procedure 

The  following  is  the  procedure  used  to  align  the  gun  and  accumulate  the 
data  for  the  system  scoring  tests.  The  procedures  refer  specifically  to  the 
ZU-23,  but  were  similar  for  the  S-60  gun  and  XM-42A. 

a.  Collimator  Mounting  Plate  Alignment 

(1)  Installed  mounting  plate  on  concrete  pier  and  cross-leveled 
to  within  0.1  mi  Hi  radian. 

(2)  Aligned  locating  gibs  to  range  East-West  azimuth  to  within  0.1 
mi  Hi  radian.  This  step  required  WSMR  survey  department  support. 

b.  Collimator  Installation 

(1)  Inspected  autocollimators  and  the  45°  turning  mirror  assembly 
to  check  that  the  Glyptal  on  the  adjusting  screws  was  intact. 

(2)  Installed  autocollimators  on  mounting  plate.  Checked  that 
all  mating  surfaces  were  clean.  Clamped  units  in  place  and  connected  cables  to 
electronic  control  chassis. 

c.  Gun  Leveling 

(1)  Placed  gun  within  +1/2  inch  of  nominal  position  and  orientation. 
The  crew  boresighted  the  gun  and  fired  a settling  burst. 

(2)  Elevated  gun  to  desired  elevation,  locked  the  elevation 
mechanism,  and  installed  a gunner's  quadrant  (inclinometer)  on  the  gun. 

(3)  Traversed  the  gun  through  360°,  recording  quadrant  elevation  at 
every  10®  of  azimuth.  Plotted  quadrant  elevation  against  azimuth  to  evaluate 
leveling  condition  of  the  gun.  Adjusted  gun  leveling  pads,  as  required,  and 
continued  this  process  until  quadrant  elevation  versus  azimuth  showed  only 
azimuth  axis  runout;  i.e.,  there  remained  no  "DC"  tilt  term. 

d.  The  roller  path  waviness  (shaft  runout)  of  the  azimuth  axis  was 
significant,  and  calibration  correction  factors  were  developed  and  applied 
to  the  elevation  angles  in  the  computer  program. 

e.  Mirror  InstaHation 

(1)  Inspected  mirror  holding  fixture  for  integrity  of  laboratory- 
set  adjustments. 
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(2)  Installed  mirror  holding  fixture  on  gun.  Adjusted  orientation 
of  the  mirror  fixture  v/ith  respect  to  the  gun  until  the  autocollimators  read 
zero  on  all  three  axes.  Locked  the  mirror  fixture  adjustment  carefully. 

f.  Gun  Pointing  Angles 

The  gunner's  quadrant  base  on  the  gun  breech  (on  the  ZU-23,  the 
nun  cradle)  was  used  to  determine  the  axis  of  the  gun.  An  alignment  telescope 
and  the  objective  lenses  of  the  reticon  and  LOCAM  cameras  were  firmly  attached 
to  the  gunner's  quadrant  base.  The  alignment  scope  was  optically  aliqned 
parallel  to  the  left  muzzle  bore  by  sighting  on  the  target  board  used  by  the 
gun  crevj  to  boresight  the  gun.  The  left  breech  was  fixed  to  the  gun  ci'adle 
and  was  used  as  a reference  by  the  aun  crew  to  boresight  the  gun.  The  optical 
centerline  of  the  alignment  scope  was  defined  as  the  centerline  of  the  breech. 

To  electrically  align  the  breech  azimuth  and  elevation  encoders, 

(1)  Placed  an  inclinometer  on  the  gunner's  quadrant  base  on  the 
gun  cradle  and  set  the  breech  elevation  to  zero.  Electrically  aligned  the 
elevation  encoder  to  4096  counts  (zero  counts  was  downv/ard). 

(2)  Laid  the  alignment  scope  on  a surveyed  target  at  a distance-  of 
approximately  1 km  and  aligned  the  azimuth  encoder. 

(3)  Verified  the  elevation  encoder  reading. 

(4)  Laid  the  alignment  scope  on  five  other  targets  at  approximately 
equally  spaced  azimuths  and  verified  the  azimuth  and  elevation  encoder  readings. 
If  the  encoders'  readings  showed  a consistent  one-sided  error,  the  encoders 
were  reset  until  the  errors  assumed  a symmetrical  distribution  around  zero. 

(5)  Since  the  roller  path  waviness  of  the  azimuth  axis  was  signifi- 
cant, the  apolication  of  calibration  correction  factors  was  required. 

(6)  During  the  system  checkout  it  was  di' covered  that  differential 
heating  had  a significant  effect  on  the  alignment  system.  In  addition  to  the 
calibration  correction  factors  used  in  the  computer  program  for  roll  out  errors, 
another  correction  factor  was  included  for  differential  heating  of  the  gun 
system.  This  was  accomplished  usirg  the  following  procedure.  Prior  to  a test 
trial,  the  breech  was  aligned  to  targets  2,  4,  5,  and  7,  and  measurement  errors 
v/ere  computed.  The  errors  were  fed  back  into  the  computer  program  so  that  the 
bias  of  the  measured  parameter  was  adjusted  by  the  measured  errors.  In  this 
manner  the  system  was  realigned  with  the  prevailing  pretrial  conditions. 
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g.  Muzzle  Deflection  Angles  (not  applicable  to  XM-42A) 

(1)  The  muzzle  measurement  system  is,  in  effect,  an  autocollimator 
which  measures  absolute  angular  differences  between  the  boresight  axis  of  the 
camera  objective  unit  and  the  centerline  of  the  barrel  muzzle. 

(2)  The  axis  of  the  camera  objective  unit  was  defined  as  the  bore- 
sight  axis  of  the  gun  as  indicated  by  the  azimuth  and  elevation  encoders. 
Alignment  of  the  muzzle  measurement  system  consisted  entirely  of  aligning  the 
muzzle  mounted  mirror  such  that  the  normal  to  the  mirror  surface  was  parallel 
to  the  centerline  of  the  muzzle.  A muzzle  plug  alignment  device  was  designed 
which  allowed  field  alignment  of  the  muzzle  mirror  with  no  necessity  for  the 
barrel  being  initially  straight  or  undeflected.  The  alignment  concept  is 
depicted  in  figure  2-7. 

(3)  The  muzzle  plug  tool  was  laboratory  aligned  such  that  its 
optical  axis  was  parallel  to  the  centerline  of  the  plug.  The  plug  itself  was 
designed  to  expand  to  a tight  fit  inside  the  barrel  by  means  of  an  external 
knob.  Once  the  plug  was  installed,  rotated  into  the  boresight  axis  of  the  gun, 
and  expanded  for  a tight  fit,  a direct  measure  of  barrel  deflection  was  immedi- 
ately available  by  means  of  the  reticon  system  or  the  coaxially  mounted  photo- 
graphic system. 

(4)  Alignment  of  the  muzzle  mirror  consisted  of  angularly  adjusting 
the  muzzle  mirror  such  that  the  return  beam  from  this  mirror  was  parallel  to 
the  return  beam  from  the  muzzle  alignment  tool.  This  was  viewed  directly 
through  the  camera  objective  unit,  by  means  of  a CRT  monitor  driven  by  the 
reticon  system,  or  through  a photographic  camera  using  the  focusing  and  align- 
ment tool. 

h.  Tracking  Angles 

(1)  The  reflex  sight  was  aligned  parallel  to  the  axis  of  the  align- 
ment scope  on  the  breech.  Targets  were  drawn  on  a target  board  at  the  physical 
dimensions  of  the  vertical  and  horizontal  separation  between  the  breech  axis 
and  the  centerline  of  the  reflex  sight.  The  Breech  axis  was  set  at  zero  eleva- 
tion (inclinometer  reading).  The  target  board  was  positioned  at  approximately 
100  meters  until  the  cross-lines  of  the  alignment  scope  on  the  breech  axis  were 
on  target.  The  reflex  sight  was  laid  on  target  by  adjusting  the  inputs  to  the 
fire  control  system. 
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(2)  The  elevation  lead  angle  and  the  traverse  lead  angles  were 
electrically  aligned  to  niid-r?  22.5°  (1024  counts).  The  inclinometer  was 
set  on  the  range  carriage  usii.y  the  range  carriage  adapter  block  and  the  initial 
range  carriage  angle  recorded.  To  properly  track  traversely,  the  reflex  sight 
should  be  physically  aligned  such  that  the  line  of  sight  is  perpendicular  to 
the  traverse  lead  axis.  Using  a specially  designed  test  fixture  and  an  incli- 
nometer, the  inclination  from  vertical  of  the  traverse  lead  axis  was  measured. 

If  the  angular  error  v;as  significant,  it  was  applied  to  the  geometrical  trans- 
formation used  to  transform  the  measured  angles  to  the  tracking  azimuth  and 
elevation  angles.  The  inclinometer  was  set  on  the  range  carriage  and  the 
breech  depressed  until  the  range  carriage  was  level  and  the  range  carriage 
resolver  v/as  electrically  aligned  to  410  counts. 

(3)  The  breech  was  depressed  until  it  bottomed  out  and  the  incli- 
nometer and  encoder  readings  of  the  breech  elevation  and  range  carriage  eleva- 
tion were  recorded.  This  was  repeated  at  approximately  10°  intervals,  including 
the  angles  where  the  breech  topped  out. 

(4)  The  reflex  sight  rotates  on  a gimbal  that  is  not  orthogonal 
to  the  breech  axis.  Thus  the  traverse  lead  and  elevation  lead  angles,  which 
are  the  measured  angles,  must  be  transformed  through  a rotation  of  the  coordi- 
nate axis  to  obtain  the  tracking  angles  in  azimuth  and  elevation.  The  angle 
between  the  elevation  lead  axis  and  the  range  carriage  axis  (in  the  breech 
elevation  plane)  were  optically  measured  by  the  following  procedure. 

(a)  A target  board  was  placed  approximately  level  to  the  gun 
and  at  100  meters  from  the  gun.  A target  cross  was  drawn  on  the  board  and  the 
breech  alignment  scope  was  laid  on  it.  The  azimuth  and  elevation  axes  were 
locked, 

(b)  An  inclinometer  was  placed  on  the  range  carriage  and  the 
range  carriage  elevation  recorded, 

(c)  The  gimbal  yoke  was  removed  from  the  elevation  lead  axis 
of  the  reflex  sight  and  a mirror  normal  to  the  axis  (a  specially  designed  test 
fixture)  was  installed. 

(d)  An  autocollimator  theodolite  was  placed  normal  to  the 
mirror,  such  that  the  elevation  lead  axis  was  extended  to  the  vertical  axis  of 
the  theodolite. 
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(e)  The  normal  distance  was  measured  between  the  vertical 
axis  of  the  theodolite  and  the  elevation  plane  of  the  breech. 

(f)  A vertical  line  was  drawn  on  the  target  board  coincident 
with  the  horizontal  distance  measured  in  step  (e). 

(g)  The  elevation  angle  of  the  elevation  lead  axis  was 
measured  by  turning  the  theodolite  in  elevation  to  a level  position. 

(h)  The  horizontal  angle  was  measured  by  turning  the  theodo- 
lite in  azimuth  until  it  was  on  the  vertical  line  drawn  on  the  target  board. 

The  three  measured  angles  (the  elevation  angle  of  the  elevation  lead  axis,  the 
azimuth  measured  by  theodolite,  and  the  range  carriage  inclinometer  reading) 
were  used  to  compute  the  angle  between  the  elevation  lead  axis  and  the  range 
carriage  axis. 

i.  Fire  Control  System  Inputs 

The  hand-computer  input  measurements  were  accomplished  using 
resolvers  coupled  directly  to  the  input  shafts.  The  aircraft  course  was 
measured  directly  with  a 1:1  geared  resolver  providing  a full  count  of  2048 
binary  counts  representing  360°.  The  resolver  was  electrically  zeroed  at  zero 
degrees  course  angle  and  the  count  increased  with  counterclockwise  rotation. 
Target  climb/dive  was  measured  using  a resolver  coupled  with  a 2:1  gear  ratio 
to  the  climb/dive  dial.  This  provided  a total  count  of  2048  binary  counts  at 
90°  climb  and  zero  counts  at  90°  dive.  The  resolver  was  electrically  aligned 
to  zero  counts. 

j.  Resolution  of  the  various  sensing  systems  for  the  ZU-23  is  indicated 
in  table  2-2. 

3.  Test  Procedure 

a.  Breech  Pointing  Angles 

Each  of  six  surveyed  targets  (numbers  1,  2,  3,  4,  5,  7)  was  sighted 
twice  for  each  of  three  tilt  modes,  for  a total  of  36  sightings.  These  tilt 
modes  included  (1)  a zero  tilt  condition  (roll  and  pitch  at  approximately  zero), 
(2)  a positive  tilt  condition  (roll  and  pitch  at  approximately  +10  mi  lliradian) , 
and  (3)  a negative  tilt  condition  (roll  and  pitch  at  approximately  -10  milli- 
radian).  During  each  sighting,  36  frames  of  data  were  taken  at  a 10-per-second 
rate,  and  the  mean  errors  in  the  azimuth  and  elevation  angles  of  the  breech 
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Table  2-2 

RESOLUTIOn  OF  ANGLE  MEASUREMENT  TRANSDUCERS  (ZU-23) 


Measurement 

Instrument 

Gear  Ratio 

Resolution 
(mrad  or 
meters) 

Base  roll , a 

autocol lima tor 

— 

0.333 

Base  pitch,  p 

autocollimator 

— 

0.333 

Base  yaw,  y 

autocol limator 

— 

0.333 

Breech  azimuth, 

14-bit  encoder 

1:1 

0.383 

Breech  elevation, 

14-bit  resolver 

7.988:1 

0.384 

Range  carriage  ele.  i|; 

11 -bit  resolver 

3.2:1 

0.959 

Sight  elevation  lead.n 

11 -bit  resolver 

4.0:1 

0.767 

Sight  traverse  lead.c 

11 -bit  resolver 

4.0:1 

0.767 

Target  velocity,  U 

11 -bit  resolver 

1:1 

0.176 

Target  course,  x 

11 -bit  resolver 

1:1 

3.067 

Target  climb/dive,  6 

11 -bit  resolver 

2:1 

1.534 

Target  range,  R 

11 -bit  resolver 

1:1 

nonlinear  6.36  m at 
3300  m 

were  calculated.  The  mean  error  and  standard  deviation  were  then  computed  for 
the  36  sightinqs.  See  section  II  for  data  summaries. 

b.  Fire  Control  Inputs 

To  verify  that  the  fire  control  settings  could  be  measured  within 
certain  specified  accuracies  by  the  data  gathering  system,  five  sets  of  static 
data  were  obtained  with  various  fire  control  inputs.  Results  are  shown  in 

table  2-3. 

c.  Sight  Tracking  Angles 

(1)  A test  of  the  sight  pointing  angles  was  performed  at  the  same 
time  as  the  breech  pointing  angles  (paragraph  A. 3. a above),  with  the  fire 
control  system  set  at  zero,  which  positions  the  reflex  sight  parallel  to  the 

breech . 
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(2)  For  this  test  as  in  the  breech  pointing  angle  test,  a total 
of  36  sightings  were  made.  During  each  sighting,  36  frames  of  data  were  taken 
at  a 10-per-second  rate,  and  the  mean  errors  in  trackinn  sight  azimuth  and 
elevation  were  computed.  The  mean  error  and  standard  deviation  were  then 
computed  for  the  36  sightings. 

(3)  To  further  exercise  the  trackino  sight  at  large  lead  angles, 
the  sight  was  pointed  at  target  3,  with  the  fire  control  inputs  and  breech 
pointing  angles  relative  to  the  target  as  shown  in  tables  2-4  and  2-5.  The 
best  target  to  use  for  this  exercise  was  target  52,  the  Met  tower.  However, 
there  was  an  error  in  the  geodetic  survey  on  this  target,  so  it  was  not  used. 
Target  3,  the  laser  target,  was  the  next  best  target  visible  from  the  guns, 

so  It  was  used.  Tables  2-4  and  2-5  also  indicate  in  the  columns  labeled  breech 
azimuth  and  breech  elevation,  the  variations  between  the  reflex  sight  and  the 
breech,  when  maximum  values  of  the  gun  computer  were  exercised. 

B.  DYNAMIC  TESTS 
1 . Approach 

a.  The  dynamic  test  consisted  of  calibration  checks  of  the  gun  mounted 
portion  of  the  scoring  system  instrumentation.  The  static  tests  mentioned  in 
paragraph  A above  have  several  limitations. 

(1)  The  first  limitation  is  the  static  tests  compare  instrumenta- 
tion results  at  only  six  low  elevation  targets. 

(2)  The  second  limitation  is  the  lack  of  movement  of  these  targets. 

(3)  The  third  limitation  is  the  lack  of  a final  check  out  of  the 
tracking  cameras.  During  static  tests  they  are  not  used,  and  the  film  digitiz- 
ing and  processing  introduces  more  of  the  field  test  procedures. 

(4)  Tlie  fourth  limitation  is  a lack  of  testing  in  an  actual  firing 

mode.  No  rounds  are  fired  during  static  testing  and  the  field  test  will  have 
firing. 

(5)  A fifth  limitation  is  that  constant  use  of  a small  number  of 
specially  selected  static  targets  throughout  varying  atmospheric  conditions 
and  instrumentation  configurations  created  special  calibration  and  data  compen- 
sation routines  that  forced  the  data  to  War  very  accurate  when  compared  to 
the  known  position  of  these  targets.  Howler,  when  the  system  was  operated  in 
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Table  2-4 

FIRE  CONTROL  INPUTS  AND  REFLEX  SIGHT  ERRORS  RELATIVE  TO  TARGET  (ZU-23) 


Target 

Target 

Climb/ 

veloci ty 

course 

di  ve 

Range 

V 

X 

6 

R 

(m/sec) 

(deg) 

(den) 

(m) 

300.4 

321.4 

-17.2 

80.0 

300.5 

321.4 

20.1 

88.0 

300.4 

51.0 

0.0 

0.0 

300.4 

213.1 

0.0 

0.0 

300.2 

30.9 

-14.9 

583.0 

303.0 

169.0 

-14.9 

415.0 

300.4 

30.4 

20.1 

432.0 

300.4 

169.6 

21.2 

435.0 

Mean  error: 


Standard  deviation: 


Tabl( 

FIRE  CONTROL  INPUTS  AND  REFLEX  SIGHT 


Target 

Target 

Climb/ 

velocity 

course 

di  ve 

Range 

V 

X 

6 

R 

(m/sec) 

(.deg,,).  , 

(deg) 

(m) 

317.5 

170.7 

81.9 

1606 

317.3 

175.3 

4.6 

1264 

317.6 

102.6 

0.0 

1967 

317.6 

102.6 

6.3 

1953 

317.8 

87.1 

-81.4 

1836 

317.6 

253.8 

-81.9 

1793 

317.8 

237.2 

0.0 

1736 

317.8 

237.2 

6.3 

1730 

Mean  error: 
Standard  deviation: 


Si  qht 

Si  ght 

Lead 

angles 

AZ 

EL 

Breech 

Breech 

error 

error 

azimuth 

elevati 

"®sb 

''♦sb 

^®bb 

^'^’bb 

(mrad) 

(mrad) 

(deg). 

Jde£)_ 

0.1 

0.0  • 

-0.05 

5.46 

-3.1 

1.7 

-0.06 

-6.62 

-0.9 

-0.6 

18.77 

-0.04 

-1.3 

0.1 

-18.00 

-0.05 

1.6 

-0.7 

20.75 

5.44 

-0.2 

-0.4 

-20.77 

5.43 

0.6 

-2.0 

19.96 

-7.92 

-1.3 

-2.0 

-20.13 

-8.37 

-0.56 

-0.49 

1.43  1.20 


2-5 


ERRORS  RELATIVE  TO  TARGET  (S-60  GUN) 


Sight 

Sight 

Lead 

angles 

AZ 

EL 

Breech 

Breech 

error 

error 

azimuth 

elevati 

"®sb 

^^sb 

"®bb 

**bb 

(mrad) 

(mrad) 

(deg) 

(deg) 

0.3 

0.5 

1.2 

-21.2 

0.1 

0.6 

3.0 

4.1 

1.0 

-1.1 

22.0 

-0.8 

1.8 

1.4 

21.3 

4.8 

0.1 

-0.1 

8.1 

-21.7 

-1.0 

2.1 

-7.9 

-21.5 

-0.6 

3.8 

-21.9 

-0.3 

-0.6 

3.2 

-21.1 

5.3 

0.138 

0.950 

0.920 

1.915 
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a dynamic  mode  and  the  full  span  of  coverage  of  the  instrumentation  was  exer- 
cised, the  special  calibration  and  data  compensation  routines  were  normally 
less  applicable.  The  absolute  value  of  these  inaccuracies  cannot  be  estimated, 
hence,  empirical  test  data  were  needed. 

b.  Since  the  instrumentation  and  preliminary  calibrations  were  the 
same  as  on  the  static  tests,  the  dynamic  tost  description  deals  primarily  with 
the  differences  between  static  and  dynamic  tests.  The  areas  to  be  discussed  are 
the  test  concept,  the  tow  target,  and  the  tracking  camera. 

2.  The  Concept 

a.  The  original  concept  was  to  analyze  the  hemisphere  around  the  gun 
site  with  a 4-km  radius.  This  hemisphere  would  check  all  the  azimuths  and 
elevations  possible.  The  concept  gradually  evolved  to  the  requirement  for 
the  six  nonfiring  passes  or  trials  and  two  firing  trials  on  HITVAL  I.  For 
HITVAL  II  the  firing  trials  were  deleteu.  These  trials  would  be  against  a 
target  flown  at  high,  medium,  and  low  altitudes  and  various  ranges  from  the 
guns.  Because  of  the  instrumentation  cable  booms  and  range  safety  limitations, 
tracks  to  the  south  of  the  site  were  excluded.  The  firing  sector  was  limited 
to  a 40''  sector  from  020°  true  to  060°  true.  In  early  testing  the  gun  crews 
were  unable  to  maintain  track  of  the  target  in  the  field  of  view  of  the  camera. 
The  camera  optics  were  modified  to  provide  a larger  field  of  view.  Tracking 
errors  were  subtracted  from  range  positioning  of  the  target  to  align  gun 
instrumentation  azimuth  and  elevation  with  time  space  position  indication 
(TSPI)  azimuth  and  elevation.  The  differences  of  TSPI  and  gun  azimuths  and 
elevations  are  errors  in  (1)  calculations,  (2)  range  target  position  inaccura- 
cies, and  (3)  gun  instrumentation  errors.  The  error  budget  for  these  three 
items  is  0,0  mrad  (table  I-l). 

b.  The  dynamic  test  outlined  above  does  not  provide  a direct  means  of 
isolating  the  source  of  any  error  that  is  detected.  This  limitation  will  be 
partly  overcome  by  the  static  test  of  gun  instrumentation  and  by  a comparison 
of  the  TSPI  tracking  data  from  the  two  sources  (radar  and  cinetheodolites)  as 
well  as  some  maximum  estimates  on  target  position  errors  as  derived  from  cine- 
theodolite  calculations. 
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3.  The  Target 

a.  HITVAL  I 

The  tow  target  selected  was  the  TDU-25B  target.  This  vehicle  is 
approximately  10  feet  long,  10  inches  in  diameter,  with  a 3-foot  vertical  fin 
and  two  1-foot  horizontal  fins  at  the  top  and  bottom  of  the  vertical  fin.  The 
tail  section  is  mounted  with  four  TAU-56B  flares.  The  target  was  towed  by  a 
Navy  A-4  aircraft  at  speeds  varying  from  250  to  300  KTAS.  The  flares  were 
fired  electrically  by  a telemetry  tone  transmitted  to  the  tow  vehicle  in  flight. 
The  radar  augmentation  system  was  two  luneburg  lenses  mounted  fore  and  aft  to 
allow  for  radar  tracking  by  MPS-36/FPS-16  tracking  radars.  The  flare  provided 
a point  source  for  gun  crews,  cinetheodolite  film,  and  LOCAM  camera  film.  The 
tow  reel  used  allowed  26,000  feet  of  cable  to  be  reeled  out,  but  in  this  test 
a maximum  of  11,000  feet  was  used.  The  tow  target  passed  by  the  gun  site  from 
1 to  3 km  ground  distance  and  from  1000  to  5500  feet  A6L.  This  exercised  the 
gun  from  5 to  60°  elevation.  Azimuth  pointing  directions  were  possible  from 
200  to  360°  true  and  from  360  to  160°  true. 

b.  HITVAL  II 

The  target  used  on  the  HITVAL  II  test  was  an  F-4  aircraft  with  all 
data  reduced  to  the  nose  of  the  aircraft.  The  gun  was  exercised  in  essentially 
the  same  areas  as  HITVAL  I. 

4.  The  LOCAM  Camera 

The  gun  LOCAM  camera  is  discussed  in  the  instrumentation  section 
(appendix  1)  of  this  report.  This  section  discusses  the  use  of  the  camera. 

The  camera  was  mounted  on  the  breech  support  and  bores ighted  with  the  tube  and 
provided  a measurement  of  the  angles  between  the  centerline  of  the  bore 
(measured  at  the  breech)  and  the  actual  line  of  sight  to  the  target.  The 
measured  angles  of  the  gun  base  relative  to  the  PCS  and  the  gun  breech  relative 
to  the  base  were  combined  to  obtain  a "gun  estimate"  of,  the  pointing  direction 
of  the  breech.  Both  the  radar  data  and  the  cinetheodolite  data  were  used 
separately  with  the  LOCAM  camera  data  and  survey  data  to  compute  "TSPI 
estimates"  of  the  pointing  direction  of  the  breech.  The  "gun  estimate"  and 
the  "TSPI  estimates"  were  compared  and  the  differences  analyzed  statistically 
and  nonparametrical ly. 


AFSWC-TR-74-29 


5.  Procedure 

a.  Prior  to  the  start  of  a trial,  the  aircraft  arrived  in  the  WSMR 
area  in  a holding  (orbit)  position.  The  test  conductor  located  in  Building  300, 
through  radio  contact,  ensured  the  aircraft  was  ready.  The  site  controller,  a 
member  of  the  test  staff  located  in  the  FG&G  recording  and  processing  van, 
maintained  contact  with  the  EG&G  site  supervisor  and  with  each  of  the  gun 
controllers.  He  ensured  that  the  guns  and  crews  were  ready,  and  that  the 
instruinentation  was  functioning  properly  and  had  been  checked  out.  The  test 
conductor  contacted  range  personnel  for  necessary  operational  range  support 
systems.  When  all  systems  were  ready,  the  test  conductor  ordered  the  aircraft 
to  commence  its  pass.  For  HITVAL  I,  a flare  was  ignited  on  each  inbound  pass 

to  ensure  complete  flare  coverage  of  the  pass. 

b.  Aircrews  and  gun  crews  were  told  the  range,  the  attack  heading,  and 
the  altitude  beforehand.  The  pilot  maneuvered  to  establish  these  test  param- 
eters. The  gun  crews  acquired  and  engaged  the  tow  target  as  it  entered  the 

gun  envelope.  After  clearance  by  the  test  conductor,  tfie  aircraft  exited  the 
test  area  and  began  to  establish  the  test  parameters  for  the  next  pass. 

c.  After  a trial,  the  gun  crews  clearSd  their  weapons  and  secured  the 
ammunition  required  for  the  next  trial.  The  gn  controllers  checked  that  all 
guns  were  clear,  then  completed  the  loa.  sheet  for  that  trial.  The  EG&G  site 
supervisor  ensured  that  the  instrumentation  functioned  properly  and  reported 
his  status  to  the  site  con  "oiler  (figure  2-8).  Normally,  a quality  check  was 
performed  to  determine  th  validity  of  the  pass  from  the  instrumentation 
standpoint.  The  site  controller  checked  with  the  gun  controllers  to  ensure 
that  all  guns  were  successfully  fired  (live  fire  trials).  This  status  report 
was  forv;arded  to  the  test  conductor.  The  WSMR  officer  checked  with  range 
personnel  to  verify  that  data  were  obtained  from  all  range  instrumentation  and 
reported  this  to  the  test  conductor.  The  test  conductor  then  decided  whether 
the  trial  must  be  reaccomplished. 

d.  After  the  completion  of  all  trials,  the  aircraft  was  released  to 
return  to  base  and  the  mission  was  complete. 

e.  Postcalibration  checks  were  accomplished  and  the  gun  tape  prepared 
using  the  dynamic  engineering  unit  program  (appendix  1). 
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f.  LOCAM  film  was  developed,  shipped  to  EG&G,  digitized  and  forwarded 
in  tape  format  to  the  Air  Force  Weapons  Laboratory  (AFWL)  for  analysis  (append! 
3 for  data  flow). 

g.  TSPI  tapes  (cinetheodolite/radar) , gun  tapes,  and  digital  camera 
tapes  were  analyzed  to  determine  consolidated  error. 
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Figure  2-2.  Angles  Measured  on  the  Gun  System  ZU-23 
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0.259 

0.357 
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Figure  2-3.  Physical  Measurements  on  the  ZU-23  Gun  System 
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Figure  2-4.  Physical  Measurements  on  the  S-60  Gun 
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Figure  2-5.  Breech  and  tracking  Sight  Pointing  Errors 
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X0 
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.0010 
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The  following  Is  a description  of  the  values  which  appear  on  the  output  listing  of  the  static  scoring  test 
program. 


T1ne--1n  seconds  as  received  from  the  raw  data. 
Includes  no  bias. 

Frame--number  of  the  frame  (record)  on  the  raw 
data  disc  from  which  the  data  were  com- 
puted. Only  the  first  set  of  data  In 
a record  Is  used  In  the  static  program. 

Scaled  raw  data--data  computed  from  the  Instru- 
mentation acquired  data. 

T11t--raw  unsmoothed  roll,  pitch,  and 
yaw  scaled  to  radians.  Tilt 
In  Az  and  ri . 

Weapon  mode--0  • nonfiring;  A = firing 
pedal  depressed. 

Dreech--az1muth  and  elevation  of  the 
breech  relative  to  the  base. 

The  roller  path  correction 
has  been  applied  to  the  eleva- 
tion. 

Fire  control  1nput--D1  rect  readings 
from  the  instrumentation 
scaled  to  engineering  units. 

S1ght--elevat1on  lead  and  traverse 

lead  are  direct  readings  from 
the  Instrumentation,  scaled 
to  engineering  units.  Range 
carriage  elevation  has  been 
corrected  for  the  roller  path. 
Az  and  El  are  relative  to  the 
base. 


Surveyed  data  In  gun  frame--data  gathered  by  actual 

measurement  rather  than  through  the  Instrumen- 
tation. 

Target-'X,y,  and  z are  the  RCS*  coordinates  of 
the  target;  Az  and  El  are  relative  to 
the  breech  using  the  surveyed  tilts. 

Breech--coord1nates  of  the  gun  position  relative 
to  the  allonment  scope  (i.e.,  coordi- 
nates needed  for  translation  of  align- 
ment scope  to  gun  position). 

Tilt— zero  for  alignment;  read  from  autocolll- 
mators  for  scoring  tast. 

1 

Dlfferences-- 

Surveyed  breech  and  instrumented  breech-- 

azlmuth  and  elevation  of  the  target  as 
derived  from  surveyed  data  minus  azimuth 
and  elevation  of  the  target  as  derived 
from  Instrumentation  data,  from  the 
alignment  scope  optical  element. 

Surveyed  breech  and  Slght--az1muth  and  elevation 
of  the  target  relative  to  the  base  from 
the  sight  optical  element;  data  derived 
from  the  survey  minus  Instrumentation 
data. 

Values  to  the  right  of  the  arrow  represent  the 
value  In  counts. 

♦RCS --Reference  Coordinate  System. 


Muzzle--x  and  y are  the  muzzle  super 
angles  In  radians.  Az  and  El 
are  corrections  to  be  added 
to  breech  azimuth  and  eleva- 
tion. g 


Figure  2-6.  Sample  Computer  Printout  of  the  Static  Engineering  Unit  Program 
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MUZZLE  PLUG  ALIGNMENT  TOOLv 


^ CONTROLLER 

and  wsmr  test  supervisor 

B - SITE  CONTROLLER  AND  EG6G  SITE  SUPERVISOR 
O - GUN  CONTROLLER 

^ - battery  commander 


Figure  2-8.  Test  Site  Cotninuni  cat  ions 
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APPENDIX  3 
DATA  PROCESSING 

The  purpose  of  this  appendix  is  to  identify  the  sources  of  data,  the  general 
flow  of  the  data,  and  the  data  reduction. 

A.  DATA  SOURCES 

SST  data  includes  quantitative  data  necessary  for  calculations  and  analysis, 
and  qualitative  information  not  necessary  for  calculations,  but  essential  for 
proper  interpretation  of  the  data. 

1.  Direct  Digital  Gun  Data 

The  GIU  sat  near  the  gun  and  transmitted,  via  hard  wire,  gun  data  to 
the  EG&G  recording  and  processing  van.  The  HP  2100A  computer  system  served  to 
collect  the  digital  gun  data  on  discs  in  virtually  a real-time  mode.  Beyond 
manual  switching  to  initiate  the  data  collection  process  by  computer,  this 
aspect  of  the  data  collection  system  was  fully  automatic.  Automatic  data 
collection  via  the  computer  was  terminated  by  manual  intervention  of  the 
computer  operator  upon  command  of  the  site  controller  located  in  the  EG&G 
recording  and  processing  van.  The  gun  instrumentation  is  one  data  source  used 
in  the  system  scoring  test. 

2.  Gun  Crew  Tracking  Data 

LOCAM  cameras  mounted  on  the  gun  and  boresighted  to  the  barrel  provided 
film  data  of  the  crew  tracking  capability.  The  film  was  digitized  into  a BCD 
(binary  coded  decimal)  tape  format,  and  the  tape  is  the  second  source  of  data 
for  the  system  scoring  test. 

3.  Target  Data 

WSMR  collected  target  TSPI  data  with  both  radar  tracking  of  a luneberg 
lens  on  the  target  fuselage  and  cinetheodolite  tracking  of  a flare  near  the 
aft  end  of  the  towed  target  for  HITVAL  I,  and  the  retroref lector  array  on  the 
F-4  aircraft  for  HITVAL  II.  TSPI  for  these  tracked  points  is  presented  to  the 
DCO  (data  control  officer)  on  magnetic  tapes  within  5 and  10  working  day^, 
respectively,  after  each  test  trial.  These  data  tapes  are  the  third  data 
source  used  in  the  system  scoring  test. 
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4.  Test  Operations  Data 

a.  The  test  conductor  manually  completed  a test  operations  log  sheet 
and  summary  test  reports  including  input  data  from  the  WSMR  control  officer  and 
the  aircraft  controller  who  were  located  with  him  in  Bldg  300. 

b.  The  site  controller  manually  completed  his  test  operations  log 
sheet  including  input  data  from  the  EG&G  supervisor  who  was  located  with  him 
in  the  EG&G  recording  and  processing  van. 

c.  Debriefing  forms  were  filled  out  by  the  test  conductor's  assistant 
after  each  mission. 

d.  A consolidated  summary  of  trials  (section  III,  paragraph  2.c)  was 
accumulated  from  these  sources  and  the  fourth  data  source  is  available. 

B.  DATA  FLOW 

1.  Gun  Data  Flow 

The  gun  data  originated  during  the  trial  at  the  encoders  and  resolvers 
on  the  gun.  The  data  were  recorded  in  the  EG&G  recording  and  processing  van 
on  discs  in  essentially  real  time.  Immediately  after  the  mission  the  computer 
disc  was  removed  and  given  an  external  label  for  identif' cation  purposes.  As 
soon  as  practicable  EG&G  transferred  the  data  from  disc  to  tape.  The  tape  was 
externally  labeled  and  delivered  to  the  DCO  as  the  "raw  gun  data  tape."  The 
raw  gun  tape  was  processed  through  the  dynamic  engineering  unit  conversion 
program  and  a new  digital  gun  tape  was  developed.  This  gun  tape  is  delivered 
to  AFWL  for  merging  and  processing. 

2.  Gun  Film  Data  Flow 

The  gun  film  from  the  LOCAM  cameras  was  developed  as  soon  as  possible 
after  the  mission  was  completed.  The  developed  film  was  transmitted  to  EG&G  for 
reading,  processing,  and  digitizing.  The  digitized  film  tape  was  forwarded  to 
AFWL  for  merging  and  processing. 

3.  Target  TSPI  Data  Flow 

a.  TSPI  data  were  transmitted  in  the  form  of  computer  tapes  to  the 
DCO  within  5 and  10  working  days  for  the  radar  and  cinetheodolite  tracking, 
respectively,  after  each  test  trial. 
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b.  Data  delivered  by  WSMR  already  had  considerable  data  reduction  prior 
to  reaching  its  collection  point  at  the  DCO's  office.  Figures  3-1  and  3-2 
describe  the  WSMR  data  in  its  reduced  and  properly  formatted  form  according  to 
trial-varying  trajectory  information  and  trial -constant  header  information, 
respecti vely. 

c.  The  radar  and  cinetheodolite  data  were  delivered  to  AFWL  for 
merging  and  processing. 

4.  Test  Operations  Data  Flow 

a.  The  test  conductor  and  his  assistant  recorded  event  data  at  Bldg 
300  during  each  trial  run.  After  mission  debriefing,  a test  summary  was 
written.  Debriefing  forms  were  consolidated  for  this  test  summary.  A consoli- 
dation of  these  test  summaries,  test  conductors  logs,  debriefing  sheets,  and 
site  controllers  logs  was  accomplished  on  a master  summary  of  trials.  The 
summary  of  trials  was  forwarded  with  each  tape  developed  so  that  a common 
identification  scheme  is  included  with  all  data.  The  summary  is  not  essential 
for  calculation  of  data  but  is  most  essential  in  evaluation  of  trials.  The 
summary  of  trials  is  included  in  this  test  report  (section  III,  paragraph  2.c). 

b.  Figure  3-3  shows  the  data  flow  as  discussed.  This  illustration  is 
an  overview  of  the  complete  data  flow  showing  the  different  agencies  involved 
along  with  the  different  data  sources  and  processing. 

C.  DATA  REDUCTION 

1 . EG&G 

a.  Gun  Tape  Drta 

Final  gun  tapes  developed  from  the  dynamic  engineering  unit  program 
follow  the  format  listed  in  WSEG  Paper  951.  The  data  have  gun  azimuth  and 
elevation,  tilt,  muzzle  deflection,  and  sight/ccmputer  inputs  converted  to 
engineering  units  (tables  3-1,  3-2,  and  3-3). 

b.  Gun  Film  Data 

Camera  film  from  the  LOCAM  camera  was  digitized  into  an  engineering 
unit  tape  containing  time  of  the  frame,  digitized  A azimuth  in  engineering 
units  of  the  gun  frame,  and  A elevation  in  engineering  units  of  the  gun  frame. 
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Table  3-1 

DATA  ELEMENTS,  ZU-23 


Data  Clement 

Data 

Rate 

Range 

Accuracy 

Specified  initial  gun  azimuth 

once^ 

0 to  360“ 

20  mrad 

Target  mask  condition 

10/sec 

masked  & unmasked 

.. 

Target  detection  time 

once 

-- 

1 sec 

Crewman  detecting  target 

once 

-- 

Time  of  possible  open  fire 

once 

-- 

1 sec 

Time  of  fire  of  each  round^ 

-- 

-- 

1 msec 

Gun  pointing  angles  relative 
to  base: 

Azimuth 

elevation 

10/sec 

10/sec 

0 to  360“ 
-1C  to  +90“ 

0.4  mrad 
0.4  mrad 

Tilt  of  gun  base: 
Azimuth 
Elevation 

1 0/sec*" 
1 0/se~.^ 

to  +20  mrad 
-20  to  +20  mrad 

0.6  mrad 
0. 6 mrad 

Angular  tracking  errors  of 
the  optical  sight: 

Azimuth 

Elevation 

20/sec 

20/sec 

-100  to  +100  mrad 
- 1 00  to  +100  mrad 

1 mrad 
1 mrad 

Inputs  to  the  fire  control 
system : 

Speed 

Course  angle 

Climb  or  dive  angle^ 

Range 

1 0/sec 
10/sec 
10/sec 
10/sec 

0 to  330  m/sec 
0 to  360“ 

-90  to  +90“ 

0 to  3,300  m 

1 m/sec 
4 mrad 
4 mrad 
50  m 

®Once  per  trial  . 

There  are  also  nonfiring  trials, 
pedal, Is  depressed  and  the  time 
the  nearest  tenth  of  a second 


In  these,  the  time  that  the  firing 
It  is  released  must  be  recorded  to 


This  quantity  Is  also  required  at  the 
round . 


precise  time  of  fire  of  each 


Climb  is  defined  as  positive;  dive,  as  negative. 
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Table  3-2 

DATA  ELEMENTS,  S-60 


Data  Element 

Citi 

Rite 

Range 

Accuricy 

BOTH 

S-60  CONFIGURATIOhS 

Spectfted  Initial  gun  ailmuth 

once 

0 to  360’ 

20  mrad 

Target  mask  condl tion 

10/sec 

masked  A untrasked 

Target  detection  time 

once 

-- 

1 sec 

Crdeman  detecting  target 

once 

-- 

Time  of  possible  open  fire 

once 

-- 

1 sec 

Time  of  fire  of  each  round* 

-- 

-- 

1 msec 

Gun  pointing  angles  relative 
to  base: 

Atimutn 

10/sec 

0 to  360* 

0.4  mrad 

Elevition 

10/sec 

-4  to  *87* 

0.4  mrad 

Tilt  of  gun  bise: 

Azimuth 

lO/sec? 

•20  to  «20  mrad 

0. 6 mrad 

Elevation 

10/sec“ 

•20  to  «20  mrad 

0.6  mrad 

5-60  WITH  OPTICAL 

■MECHANICAL 

FIRE  CONTROL  SYSTEM 

Angular  tracking  errors  of  the 
optical  sight: 

Azimuth 

20/sec 

• 100  to  ♦lOO  mrad 

1 mrad 

E’evition 

20/sec 

-10U  to  *100  mrid 

1 mrid 

Inputs  to  the  fire  control 
system : 

Speed 

10/sec 

0 to  300  m/sec 

1 m/sec 

Course  ingle 

10/sdc 

0 to  360* 

4 mrad 

Cl Imb  or  dive  angle 

10/sec 

-90  to  *70" 

4 mrad 

Ringe 

10/sec 

0 to  5,500  m 

so  m 

$•60 

WITH  FIRE 

OIRECTOR 

Rldir  tricking  ditl: 

Ringe 

10/SdC 

0 to  20  km 

10  m 

Atimuth 

TO/sec 

0 to  360* 

0.5  mrid 

Elevition 

10/sec 

-4  to  87* 

0.5  mrid 

Optical  tracking  data: 

Azimuth 

20/sec 

0 to  360* 

0.5  mrid 

Elevition 

20/sec 

-4  to  *87* 

0. 5 mrid 

Range  Input  to  director 

10/sec 

0 to  20  km 

10  m 

hinge  output  of  iltitude 

10/sec 

0 to  20  km 

10  m 

unit  of  director 

Fire  director  diti  for  terget 

10/sec 

-350  to  *350  m/sec 

1 m/  ec 

speed  (3  components) 

t) 

Fire  director  outputs  (gun 
coiMiands ) : 

Azimuth 

10/sec 

0 to  360* 

0.4  mrid 

Elevition 

10/sec 

-4  to  *87* 

0. 4 mrad 

Fire  director  settings^ 

Nuzzle  velocity  correction 

once 

-12  to  *81 

visuil'* 

Wind  speed  (2  components) 

once 

0 to  30  m/sec 

visual 

Air  density 

once 

-20  to  *201 

visuil 

Air  temperature 

once 

-40  to  *50*C 

visuil 

Pirillii  (7  components) 

once 

-600  to  *600  m 

visuil 

Settling  time 

once 

6 or  15  sec 

Solution  indicitlon 

10/sec 

Off  or  on 

-- 

*Th,rt  irt  lisa  iionfirin,  trills.  In  thest,  th,  time  thit  the  firing 
ptdal  1$  dtprasstd  and  tht  time  It  Is  rtltasad  must  be  recorded  to 
the  nearest  tenth  of  a second. 

•This  gulntity  is  ilso  required  it  the  precise  time  of  fire  of  each  round. 
*»elues  set  by  the  creu  into  the  fire  director. 

•controller  should  retd  the  setting  on  the  fire  director. 
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Table  3-3 

DATA  ELEMENTS,  HITVAL  II  GUM  SYSTEM 


Oata  Element 

Oa  ta 
Rate 

Range  of 
Measurement 

Accuracy 

Remarks 

Specified  Initial  gun 
azimuth 

once 

0 to  360” 

15” 

Controller  log 

Target  detection  time 

once 

- 

0.1  sec 

Controller  switch 

Target  detection  mode 

once 

commander , 
gunner,  radar 
A scope,  or 
radar  PPI 

Control ler  log 

Range  at  detection 

once 

-- 

250  m 

Range  TSPI® 

Time  at  radar  lock-on 

once 

-- 

0.1  sec 

Event  closure 

HT!  unit  operating  mode 

once 

operate,!  ,2 

-- 

Controller  log 

Wobbulatlon  control 

once 

on  or  off 

-- 

Controller  log 

Transmitter  frequency 

once 

FI  or  F2 

-- 

Cootroller  log 

Fire  control  settings; 
Muzzle  velocity 

once 

-10  to  +6* 

1 % 

Control ler  log 

correction 

First  time  computer  has 
solution 

once 

0.1  sec 

Event  closure 

Target  mask  condl  tion 

10/sec 

masked  or  un- 
masked 

-- 

Control ler  switch 

Hydraul 1c 

10/sec 

fast  or  slow 

Switch  position 

Turret  control 

1 0/sec 

semlautomati c 
or  automatic 

Switch  position 

Gunner's  handgrip  mode 
Azi muth 

1 0/sec 

velocity  or 

- _ 

Switch  position 

El eva  tion 

10/sec 

position 
velocity  or 

-- 

Switch  position 

position 

Fire  solution 
Indication 

10/sec 

on  or  off 

Event  closure 

Fire  ena b 1 e 

10/sec 

yes  or  no 

-- 

Event  closure 

Time  of  fire  of  each 
round 

-- 

-- 

1 msec 

Pressure  Gage 

fire  switch  depression, 
upper  pa i r 

10/sec 

on  or  off 

Event  closure 

Fire  switch  depression, 
lower  pair 

10/sec 

on  or  off 

Event  closure 

Fire  selector 

1 0/sec 

commander  or 
gunner 

■■ 

Event  closure  only 
when  there  is  a 
solution 

AGC/MGC  voltage 

100/sec 

0 to  -5v  (0  to 
-lUv  worst  case) 

0.5% 

O.C.  to  digital 

Gun  angles  relative  to 
chassis: 

Azimuth 

Elevation  (relative 

100/sec 

100/sec 

-2!t  to  +2n  rad 
-0.1  to  +0.5n 

0 . 4 mrad 
0 . 4 mrad 

Digital  encoder 
Digital  encoder 

to  turret) 

rad 

■ — 
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Table  3-3  (cont'd) 


Data  Clement 

Data 

Rate 

Range  of 
Measurement 

Accuracy 

Remarks 

Chassis  orientation 

relative  to  gyro: 
YaM 

10/sec 

0 to  2n  rad 

3.0  mrad 

Resolver  to  digital 

Pitch 

10/sec 

-0.1  to  ♦0.) 
rad 

3.0  mrad 

Resolver  to  digital 

Rol  1 

1 0/sec 

-0.1  to  ♦O.l 
rad 

3.0  mrad 

Resolver  to  digital 

Tilt  of  chassis  relative 

to  RCS:*^ 

Yaw 

1 00/sec 

-20  to  +20  mrad' 

0.33  mrad 

Autocol 1 Imator 

PI  tch 

1 00/sec 

-20  to  +20  mrad<= 

0.33  mrad 

Autocol  1 1mator 

Roll 

100/sec 

-20  to  +20  mrad*^ 

0.33  mrad 

Autocol  1 1mator 

Radar  data; 

Event  closure 

Mode  switching 

1 0/sec 

footnote  d 

-- 

Tracking  azimuth  (rela- 

10/sec 

0 to  2n  rad 

0.5  mrad 

Digital  encoder 

tive  to  turret) 

Olgital  encoder 

Tracking  elevation 
(relative  to  turret) 

10/sec 

-0.1  to  ♦0.5n 
rad 

0. 5 mrad 

Range 

10/sec 

-0.4  to  +17.5 
km 

5 m 

Encoder  on  shaft 

Optical  tracking  data 
(left) 

Azimuth  (relative  to 

50/sec 

0 to  2n  rad 

1 mrad 

Olgital  encoder 

turret) 

elevation  (relative 
to  turret) 

50/sec 

-0.1  to  ♦O.Sn 
rad 

1 mrad 

Olgital  encoder 

Optical  tracking  data 

(rloht) 

elevation 

10/sec 

-0.1  to  +0.5n 
rad 

2 mrad 

Computed  from  gun 
elevation 

Gunner's  handgrip 

posi tion 
Azimuth 

50/sec 

+0.25n  rad 

0.5t 

400  Hz  to  digital 

elevation 

50/sec 

+0.25n  rad 

0.5t 

400  Hz  to  digital 

Fire  control  computer 

data  : 
X 

10/sec 

-10  to  +10  km 

10  m 

Measured  output  of 

Y 

10/sec 

-10  to  +10  km 

10  m 

computer  X.  Y , and 

H 

10/sec 

-0.1  to  +10  km 

10  m 

H units 

Coasting 

10/sec 

yes  or  no 

- - 

Event  closure 

Time  of  flight 

10/sec 

0 to  6 sec 

0.005  sec 

400  Hz  to  digital 

Gun  commands  relative  to 

gyro: 

Azimuth 

10/sec 

0 to  2n  rad 

0.4  mrad 

Output  of  fire 

elevation 

10/sec 

-0.1  to  +0.5n 
rad 

0.4  mrad 

control  computer 

•tsPI  Is  time  space  position  Information  (I.e..  time  history  of  position  provided  by 
range  tracking  Instrumentation), 

**RCS  Is  the  earth-fixed  reference  coordinate  system. 

'This  range  Is  likely  to  Increase. 

'‘circular  search  (yes/no),  circular  search  speed  (fast/slom),  sector  search  (yes/no), 
range  autotrack  |yes/no)i  angle  mode  (It  autotrack  with  range/II,  manualK  antenna 
scan  (conical/llnearly  vertica’).  «TI  (on/off),  antenna  pedestal  controlled  by 
commander's  reflex  sight  (yes/no),  and  angle  data  range  gating  (normal/narrow). 
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2.  Air  Force  Weapons  Laboratory  Data 
a.  Tabular  Output 

(1)  AFWL  prepared  tabular  output  consisting  of  the  following  data 
for  each  trial. 

(a)  Time  (in  seconds  from  Greenwich  Mean  Time). 

(b)  Azimuth  of  the  breech  computed  from  either  radar  or 
cinetheodolite  data,  with  the  data  fron  the  gun,  film  digitized  tape,  and  tilt 
included. 

(c)  Elevation  of  the  breech  derived  as  in  (b)  above. 

(d)  Gun  instrumentation  azimuth  (from  the  gun  tape). 

(e)  Gun  instrumentation  elevation  (from  the  gun  tape). 

(f)  Camera  azimuth  in  milliradians  (the  interpolated  values 
from  the  gun  film  tape  used  to  calculate  (b)  above). 

(g)  Camera  elevation  in  milliradians  (derived  as  in  (f)  above). 

(h)  Azimuth  tilt  in  milliradians  (the  azimuth  tilt  value  was 
algebraically  added  to  (b)  above  to  translate  (b)  to  the  breech  plane). 

(i)  Elevation  tilt  in  milliradians  (the  elevation  tilt  value 
was  algebraically  added  to  (c)  above  to  translate  (c)  to  the  breech  plane). 

(j)  Azimuth  differences  in  milliradians  (differences  in  (b) 

and  (d)  above). 

(k)  Elevation  differences  in  milliradians  (differences  in  (c) 

and  (e)  above). 

(l)  Radial  differences  in  milliradians  (an  approximation  at 
small  angles  of  the  delta  angle  between  target  and  gun  pointing  direction). 

This  was  by  the  formula: 

Ar  =V(A6  cos  <P)^  + (A  (f))^ 

(m)  Interpolation  time  interval  (rounded  to  the  nearest  tenth 
of  a second,  the  time  between  the  closest  camera  frame  and  the  data  at  the 
time  in  question). 

(n)  The  fire  time  (this  printout  indicated  if  the  fire  pedal  was 

depressed) . 
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(2)  At  the  end  of  the  tabular  output  for  each  trial,  the  mean, 
standard  deviation,  skew,  the  percent  of  the  data  between  +0.8  mrads,  and  the 
maximum  and  minimum  values  of  the  data  were  printed  for  each  of  the  azimuth  and 
elevation  differences,  and  for  the  radial  values.  These  tabular  data  were 
broken  out  in  the  following  areas: 

(a)  Nonfiring,  number  of  accepted  points. 

(b)  Nonfiring,  number  of  total  points. 

(c)  Total  number  of  accepted  points. 

(d)  Total  number  of  total  points. 

Accepted  points  are  those  in  which  the  interpolation  intervals  are  1 or  0 for 
HITVAL  I and  0 between  0 for  HITVAL  II.  It  is  recognized  that  this  difference 
in  acceptance  criteria  may  bias  HITVAL  I data,  but  the  difference  was  felt  to 
be  insignificant  and  is  therefore  not  accounted  for.  Firing  points  are  desig- 
nated as  points  with  the  fire  pedal  depressed. 

(3)  Plotted  Output 

(a)  An  error  histogram  of  each  pass  for  azimuth  and  elevation 
differences  and  for  the  radial  values  was  plotted  in  tenths  of  milliradian 
differences  (accepted  points  only). 

(b)  An  autocorrelation  plot  was  made  of  each  pass  when 
sufficient  points  with  no  time  breaks  were  available. 

(c)  Plots  of  azimuth  and  elevation  differences  and  radial 
values  versus  time  were  made.  If  the  interval  was  2 or  greater  for  HITVAL  I 
and  1 or  greater  for  HITVAL  II,  the  plot  was  driven  to  zero. 

(4)  Tape  Output 

AFWL  provided  two  tapes  of  the  tabular  data  listed  above  to 
the  JTF  staff.  There  is  a tape  using  radar  data  and  a tape  using  cinetheodolite 
data  for  each  of  the  two  guns.  These  tapes  are  CDC  compatible  556  BPI,  and  a 
format  consistent  with  the  data.  Tapes  will  be  shipped  to  WSEG/IDA  upon 
completion  of  the  test  program. 

3.  White  Sands  Missile  Range  Data 

White  Sands  Missile  Range  provided  smoothed  radar/cinetheodolite  tapes 
and  applicable  data  reduction  as  specified  in  the  following. 
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a.  Tabular  output  of  each  pass  listing  time,  radar  azimuth,  elevation, 
and  range;  cinetheodolite  azimuth,  elevation,  and  range;  azimuth  differences 
A0,  elevation  differences  A({),  range  differences  Ar,  and  radial  (azimuth  and 
elevation  combined)  differences  Ad  (table  3-4).  Radial  difference  is  defined 
by 


Ad  = V(A0  cos  4>)^  + (A(}))^ 

b.  Mean,  median,  minimum  and  maximum  values,  standard  deviation,  and 
skew  for  each  of  the  four  differences  for  each  pass  (table  3-4). 

c.  A plot  of  each  of  the  four  differences  for  each  pass  in  tenths 
of  milliradians  or  tenths  of  meters. 

d.  A spectral  density  plot  of  the  four  differences  for  each  pass. 

e.  A plot  of  differences  each  of  the  four  versus  time  for  each  pass. 

f.  A digital  magnetic  tape  (556  BPI,  CDC  compatible  of  (1)  and  (2) 
above  will  be  provided). 


no 


AFSWC-TR-74-29 


Table  3-4 


VARIABLE 

TIME 

elevation 
radar  azimuth 

range 
elevation 
cine  azimuth 

range 

elevation  error 
azimuth  error 
range  error 
radial  error 


END  OF  TABULAR  DATA 


AZ 

MEAN 

F6.4 

radians 

Standard  deviation 

F6.4 

radains 

i'i 

Skew 

F6.2 

1 EL 

MEAN 

F6.4 

radians 

Standard  deviation 

F6.4 

radians 

i' 

Skew 

F6.2 

Range 

MEAN 

F6.1 

M 

Standard  deviation 

F6.1 

M 

Skew 

F6.2 

Radial 

MEAN 

F6.4 

radians 

Standard  deviation 

F6.4 

radians 

Skew 

F6.2 

i 


I 


TABULAR  OUTPUT 
* 

format  units  remarks 

F9*3  SEC  Every  .1  seconds 

F6.4  radians 

F6.4  radians 

F6.1  meters 

F6.4  radians 

F6.4  radians 

F6.1  meters 

F7.4  radians  (cine)-(radar) 

F7.4  radians  (cine j-(radar) 

F6.1  meters  (cine)-(radar) 

F7.4  radians  {cine)-(radar) 
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Sequence 

1 

Parameter® 

Expressed  in 

Measured  (or  defined) 

Format  specifica 
on  magnetic  tape 

T ime 

seconds 

from  midnight,  GMT 

3PF10.0^’® 

2 

X 

mete  rs 

positive  east  of  tangent  point 

2PF10.0 

3 

Y 

mete  rs 

positive  north  of  tangent  point 

2PF10.0 

4 

Z 

meters 

positive  above  tangent  plane 

2PF10.0 

5 

5( 

meters/second 

first  time  derivative  of  X 

2PF10.0 

6 

Y 

fneters  second 

first  time  derivative  of  Y 

2PF10.0 

7 

1 

meters/second 

first  time  derivative  of  Z 

2PF10.0 

8 

X 

meters/second’ 

second  time  derivative  of  X 

2PF10.0 

9 

Y 

meters/second^ 

second  time  derivative  of  Y 

2PF10.0 

10 

Z 

meters/second^ 

second  time  derivative  of  Z 

2PF10.0 

11 

Speed 

meters/second 

2PF10.0 

12 

Heading*^ 

radi  ans 

tan-'C^/X) 

5PF10.0 

13 

Climb/di  ve 

radians 

tan-'(?/+V^^  + ^0 

5PF10.0 

14 

X quality 

meters 

standard  deviation 

2PF10.0 

15 

Y quality 

meters 

of 

2PF10.0 

16 

Z quality 

meters 

smooching  residuals® 

2PF10.0 

17 

18 

Tracking  mode 
Spare 

FIO.O 

A10 

Total 

number  of  characters 

180 

Notes 


^Sequence  numbers  Indicate  the  order  in  which  the  parameters  will  appear  within  a TDR;  sequence 
No.  1 being  the  earliest  written.  The  component  order  indicated  was  chosen  to  preserve  a right- 
hand  coordinate  system  ordered  in  the  sequence  X,Y,Z. 


*^Most  significant  place  written  earliest. 


^In  accordance  with  the  FORTRAN  definition  of  P-specifi cation,  and  the  units  specified  for  the 
parameter.  For  example,  the  "time"  quantity  to  be  written  on  tape  in  FIO.O  format  is  a nuirter 
which  !s  1000  (10^)  times  the  number  of  seconds  since  midnight,  GMT. 

*^Expressed  within  the  range  0 - 2tt  radians,  with  due  regard  for  the  signs  of  X and  'f. 


® Residuals  are  the  differences  between  raw  (measured)  data  and  corresponding  times  on  a least- 
square  parabola  fitted  to  N points,  where  N is  selected  as  experience  has  shown  is  appropriate 
for  aircraft  tracking. 


Figure  3-1,  WSMR  Tracking  Data  Format 
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♦Transponder  frequency  will  be  coded  as  blank  for  the  laser  tracking  system. 

Figure  3-2,  WSMR  Header  Data  Format 
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SST  DATA  PROCESSING  FLOW 


EU  : ENGINEERING  UNITS 
GIU=  GUN  INSTRUMENTATION  UNIT 


Figure  3-3.  Data  Flow  Chart 
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APPENDIX  4 

MATHEMATICAL  REVIEWS,  CALCULATIONS,  AND  ANALYSIS 

This  appendix  is  a compilation  of  the  mathematical  derivations,  reviews, 
calculations,  and  analysis  referenced  in  this  report.  This  appendix  is  provided 
so  that  the  main  body  of  the  report  is  reduced  to  essentials,  and  analysts  who 
review  the  report  can  refer  to  the  detail  not  mentioned  in  the  main  portion  of 
the  report. 

A.  ANALYSIS  OF  VARIANCES  (ZU-23) 

1.  General 

a.  The  breech  azimuth  and  breech  elevation  measurement  error  data 
given  in  table  II-2  were  organized  in  a two-way  table  for  the  purpose  of  anal- 
ysis and  interpretation.  The  data  were  treated  as  a two-way  classification, 
components  of  variance  model  with  main  effects  being  targets  (rows)  and  roll- 
pitch  conditions  (columns).  A test  for  independence  was  done  to  determine  if 
it  would  be  advisable  to  undertake  the  analysis  of  variance  for  breech  eleva- 
tion and  breech  azimuth  measurement  errors  separately.  Their  correlation 
coefficient  was  found  to  be  -0.2287,  which  is  not  significant  at  the  0.10  level 
of  significance.  Thus,  it  was  concluded  that  the  two  measurement  errors  are 
statistically  independent  and,  therefore,  each  was  studied  separately.  The 
calculations  which  led  to  this  conclusion  are  summarized  in  this  appendix, 
paragraph  A. 2. 

b.  The  analysis  of  variance  table  for  the  breech  azimuth  measurement 
error  data  is  given  in  paragraph  A. 3 of  this  appendix.  The  main  effects  of 
the  target  and  roll -pitch  are  both  statistically  significant,  but  they  do  not 
have  a significant  interaction  effect.  Thus,  it  Was  concluded  that  their 
effects  could  be  studied  separately.  Examination  of  the  mean  errors  for 
targets  indicates  that  the  largest  measurement  errors  occur  for  targets  number 
3,  4,  and  7,  the  bias  being  positive  for  targets  number  3 and  7 and  negative 
for  target  number  4.  The  mean  azimuth  measurement  error  is  plotted  as  a 
function  of  the  azimuth  from  gun  to  target  (figure  4-1).  This  plot  indicates 
there  is  no  systematic  bias  relative  to  this  factor,  and  thus  the  component  of 
variance  attributable  to  targets  should  be  included  in  the  measurement  of  inac- 
curacy of  the  system. 
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c.  The  mean  breech  azimuth  measurement  error  was  greatest  in  the  con- 
dition of  near  zero  roll -pitch. 

d.  Examination  of  the  arithmetic  meai  of  the  absolute  values  of 

measurement  errors  for  the  roll-pitch  conditions  included  in  the  static  test 
suggests  there  is  no  systematic  error  which  can  be  corrected  for  by  calibration 
and  thus  the  component  of  variance  attributable  to  roll-pitch  condition  should 
be  included  in  any  measure  of  inaccuracy  of  the  system.  ^ 

Breech  Azimuth 


Source  of  variation 

Targets 
Roll -pitch 
Interacti on 
Experimental  error 


Estimated  component 
of  variance 

0.03537 

0.005453 

0.000000 

0.05056 


e.  The  method  of  Thompson  and  Moore*  was  used  to  calculate  the  above 
estimates  because  the  analysis  of  variance  yielded  a negative  estimate  of  the 
interaction  component  of  variance. 

f.  The  total  standard  deviation  of  the  breech  azimuth  measurement 
errors  for  the  static  test,  the  square  root  of  the  sum  of  the  components  of 
variance,  is  estimated  to  be  0.3023  mrad.  Under  the  assumption  of  normality, 
this  would  estimate  that,  in  a static  test  situation,  on  the  average  99  percent 
of  the  measurements  errors  would  be  less  than  0.8  mrad. 

g.  The  analysis  of  variance  for  the  breech  elevation  measurement  errors 
is  contained  in  paragraph  A. 3 and  indicates  neither  the  main  effect  nor  the 
interaction  components  of  variance  are  statistically  significant.  This  seems 

to  stem  from  the  fact  that  the  experimental  error  component  of  variance  is 
quite  large  relative  to  the  other  components  of  variance.  This  infers  there 
is  no  systematic  bias  in  this  error  which  can  be  corrected  by  calibration,  and 
suggests  that,  as  for  the  breech  azimuth  measurement  errors,  the  total  standard 
deviation  of  breech  elevation  measurement  errors  (the  square  root  of  the  sum 
of  the  components  of  variance)  should  be  used  as  a measure  of  inaccuracy.  As 


^Thompson,  W.  A.,  Moore,  J.  R. , "Non-Negative  Estimates  of  Variance  Components," 
Technometrics.  5_,  pp.  441-450,  1961. 
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before,  the  procedure  of  Thompson  and  Moore  was  used  to  calculate  the  estimates 
of  variance  components  which  are  aiven  below. 

> ,1 

Breech  Elevation 


Source  of  variations 

Targets 
Rol 1 -pitch 
Interaction 
Experimental  error 


Estimated  component 
of  variance 

0.03850 

0.00000 

0.02675 

0.3088 


h.  The  total  standard  deviation  of  the  breech  elevation  measurement 
errors  for  the  static  test  is  estimated  to  be  0.6116  mrad.  Under  the  assumption 
of  normality,  this  would  indicate  that  on  the  average  81  percent  of  the  measure- 
ment errors  are  less  than  0.8  mrad.  Inspection  of  the  data  in  table  II-2 
reveals  that  30/36  = 83  percent  of  the  measurement  errors  are  less  than  0.8 
mrad.  This  tends  to  substantiate  the  assumptions  underlying  the  analysis  done 
here. 

i.  In  the  static  test  environment  where  measurements  were  made  under 
carefully  controlled  conditions,  the  breech  elevation  and  breech  azimuth 
measurements  are  at  best  marginal,  relative  to  an  0.8-mrad  accuracy  requirement. 

j.  The  experimental  design  used  for  this  test  was  such  that  the  effect 
of  pitch  and  roll  on  measurenent  errors  could  not  be  studied  separately. 

2.  Test  for  independence 

a.  The  random  variables  X (breech  azimuth  measurement  error)  and  Y 
(breech  elevation  measuretnent  error)  were  assumed  to  have  the  bivariate  normal 
distribution' with  parameters  y^,  a^,  o^,  and  p for  the  purpose  of  this 
analysis.  The  usual  estimates  for  the  parameters  of  this  distribution  are 
Y,  T,  S^,  Sy,  and  r,  and  the  statistic  t = r /(N-Z)/(l-r^)  , was  used  to  test 
the  null  hypotJiesis  Ho:p  = 0 against  the  atternative  Hr.p  0.  The  statistic  t 
has  student's  t distribution  with  N-2  degrees  of  freedom,  when  p = 0.  The  null 
hypothesis  was  accepted  at  the  0.1  level  of  significance  and,  thus,  X and  Y 
were  considered  to  be  statistically  independent  for  the  purpose  of  further 
analysis. 
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b.  The  calculations  are  summarized  below: 


1 36 

X = E X.  = 0.01639 

JO  1 


Yi 


0.05000 


1 

35 


36 

E 

i = l 


c2  _ 1 

■ 35 


(x^.  - X]^  = 0.3640 
(Vi  - = 0.08462 


-0.2287 


Statistic  t = r/34/l-r2  = -1.37 

P^(-l,37  < t < 1.37)  = 0.8204 

P^(t  < -1,37  or  t > 1.37)  = 0.1796 

3.  Analysis  of  Variance  Calculations 

a.  The  breech  azimuth  measurement  error  data  are  given  in  table  4-1 
and  the  analysis  of  variance  for  this  data  is  presented  in  table  4-2.  The  F 

test  indicates  that  the  component  of  variance  attributable  to  targets  is  signi- 

ficant at  the  0.05  level  of  significance  and  the  component  of  variance  attrib- 
utable to  roll-pitch  condition  is  significant  at  the  0.15  level  of  significance. 
The  interaction  component  of  variance  is  not  statistically  significant  and  is 
estimated  to  be  negligible. 
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Target 


Table  4-1 
BREECH  AZIMUTH 

Average  value  of  induced  roll  and  pitch 

(12.86,  11.05)  (-7.95,  -8.46 

0.05  0.01  0.22  -0.56  -0.09  0.0 

0.20  -0.09  -0.03  -0.41  0.12  -0.1 

0.71  0.43  0.23  0.56  0.25  0.0 

-0.03  -0.31  -0.27  -0.31  -0.10  -0.3 

0.40  0.11  -0.03  -0.02  -0.27  0.2 

-0.09  0.31  0.30  -0.21  0.2' 


0.57  -0.09 
1.9600 
0.1633 


-0.0100 

-0.0008 


0.01 

-0.10 

0.03 

-0.31 

0.23 

0.29 


-0.1500 

-0.0125 


-0.3600  -0.0600 
-0.3100  -0.0517 
2.2100  0.3683 

-1.3300  -0.2217 
0.4200  0.0700 

1.1700  0.1950 

1.8000 
0.0500 


Table  4-2 


Source  of  variation 
Rows  (targets) 

Columns  (roll -pitch  combination) 
RXC  interaction 
Subtotal 

Error  (within  cell) 

Total 


i OF  VARIANCE 

d.f. 

s.s. 

M.S. 

£1 

p** 

5 

1.3140 

0.2628 

9.45 

5.20 

2 

0.2340 

0.1160 

4.17 

2.29 

10 

0.2775 

0.0278 

0.44 

17 

1.8235 

18 

1.1383 

0.0632 

35 

2.9618 

*Components  of  variance  model. 
**Pooling  error  and  interaction. 


P^|f(2,28)  > 2.29|  = 0.14 
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b.  ThG  brGGch  GlGvation  measurGniGnt  error  data  are  91’ven  in  table  4-3 
and  the  corresponding  analysis  of  variance  is  presented  in  table  4-4.  None  of 
the  components  of  variance  were  found  to  be  statistically  significant. 

Table  4-3 

BREECH  ELEVATION 


Average  value  of  induced  roll  and  pitch 


Target 

0.2, 

0.9) 

{12. 86 

, 11.05) 

(-7.95 

, -8.46) 

Z 

Mean 

1 

0.50 

0.67 

1.07 

0.81 

0.15 

0.48 

3.6800 

0.6133 

2 

0.58 

0.51 

-0.91 

0.15 

-0.80 

0.46 

-0.0100 

-0.0017 

3 

0.14 

-0.02 

-1.36 

-0.19 

-0.62 

0.74 

-1.3100 

-0.2183 

4 

0.19 

0.69 

-1.15 

0.11 

-0.66 

0.54 

-0.2800 

-0.0467 

5 

-0.41 

0.08 

-0.26 

-0.17 

0.59 

0.19 

0.0200 

0.0033 

7 

-0.45 

-0.37 

0.73 

-0.34 

-0.37 

-0.71 

-1.5100 

-0.2517 

E 

2.1100 

-1. 

5100 

-0. 

0100 

0.5900 

f-lean 

0.1758 

-0. 

1258 

-0. 

0008 

0.0164 

Table  4-4 


ANALYSIS  OF  VARIANCE 


Source  of  variation 

d.f. 

S.S. 

M.S. 

F_ 

Rows  (targets) 

5 

2.9266 

0.5853 

1 .58  not  sig. 

Columns  (roll-pitch  combination) 

2 

0.5513 

0.2757 

0.74  not  sig. 

RXC  interaction 

10 

3.7006 

0.3701 

Subtotal 

17 

7.1785 

Error  (within  cell) 

18 

5.5591 

0.3088 

Total 

35 

12.7376 
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B.  REVIEW  OF  TRANSFORMATIONS 

1.  Azimuth  and  elevation  angles  for  the  surveyed  targets  were  determined 
as  precisely  as  possible  in  the  RCS.  Encoders  and  resolvers  were  used  to 
measure  these  angles  at  the  alignment  scope  and  at  the  tracking  sight  for 
various  tilts  of  the  gun.  The  surveyed  angles  were  transformed  to  the  tilted 
frame  centered  on  the  alignment  scope.  The  angles  measured  at  the  sight  were 
also  transformed  to  the  alignment  scope.  The  transformed  surveyed  angles  were 
then  compared  wi-'.h  both  the  breech  measurements  and  the  tracking  sight  measure- 
ments. This  work  was  done  by  the  contractor,  EG&G.  The  transformation  from 
the  tilted  to  the  untilted  frame  in  the  determination  of  the  direction  transla- 
tion from  the  gun  position  to  the  alignment  scope  were  reviewed  by  the  Army 
Materiel  Systems  Analysis  Activity  (AMSAA)  members  of  the  HITVAL  test  team 
(figure  4-2). 

2.  The  coordinates  of  the  target  in  the  tilted  reference  frame  (x.y.z)  are 
expressed  in  terms  of  polar  coordinates  as  follows: 

X = r cos  (j)jj  cos  0|j 
y = r cos  (})|j  sin  9^ 

2 * r sin  4>|j  (1) 


Hence, 

and  therefore. 


tan  = y/x 
9|j  = tan'My/x) 


and 

x2  + y2  = r^(cos^  4>5  cos*  9^^)  + r*(cos*  (j>jj  sin*  9^^) 

= r*  cos*  ({(jj^cos*  9|j  + sin*  9jj)®  r*  cos*  4>|j 
Hence  /x^  + y®  = r cos  and  since  z = r sin  4)|j, 


i — = tan  (})u 

/jT-TyT  ^ 
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which  implies 


3.  The  coordinates  (x,  y,  z)  in  the  untilted  frame  can  be  determined  from 
the  coordinates  in  the  tilted  frame  when  yaw  (y),  pitch  (6),  and  roll  (a) 
angles  are  known.  It  is  given  by  the  following  formulas; 


X = (cos  6 cos  y)  X - (sin  y cos  a)  y + (sin  6 cos  a)  z 
y = (sin  y cos  6)  x + (cos  a cos  y)  y - (sin  a cos  6)  z 
z = (-sin  3 cos  y)  x + (sin  a cos  y)  y + (cos  6 cos  a)  z (2) 


Substituting  for  x,  y,  z in  b.  above,  the  expression  in  a.  gives: 

x/r  = cos  6 cos  y cos  cos  • sin  y cos  a cos  (})|^  sin 
+ sin  3 cos  a sin  * 

D 


y/r  = sin  y cos  3 cos  4)^^  cos  6^  + cos  a cos  y cos  4^^  sin  6|^ 

- sin  a cos  3 sin 

z/r  = -sin  3 cos  y cos  (j)|^  cos  6^^  + sin  a cos  y cos  4^^  sin  6^ 

+ cos  3 cos  a sin  cj)|^  (3) 


also 

X = r cos  4>  cos  e 
9 9 

y = r cos  4)g  sin  6^ 
7 = r sin  4)^ 

and  hence 

4>g  = sin‘Uz'/r) 
and 

0g  = tan'Uy/x) 
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4.  Substituting  from  equation  (2)  in  the  above  two  equations  expresses  (J)^ 
and  0g  as  a function  of  6,  y.  a,  4)^^,  and  By  the  same  method,  the  angles 
and  0^  can  be  determined  as  a function  of  6t  y,  a,  4>g,  and  0g. 

C.  RESOLUTION  OF  ENCODERS,  RESOLVERS,  AND  AUTOCOLLIMATORS  (ZU-23) 

1.  Table  4-5  shows  the  resolution  of  the  instrumentation  involved  in 
determining  the  pointing  position  of  the  gun  barrel.  The  purpose  of  this 
section  is  to  analyze  the  effect  of  errors  (due  to  lack  of  precision  in  instru- 
mentation) in  roll,  pitch,  yaw,  breech  azimuth,  and  breech  elevation  on  the 
gun  pointing  position  transformed  to  the  untilted  reference  frame  at  the  align- 
ment scope.  Other  measrrements  shown  in  the  table  cannot  be  resolved  to  the 
degree  of  the  five  me^su ''ments  included  in  this  analysis  and  it  is  believed 
tliat  they  most  probably  would  tend  to  increase  the  overall  error. 

Table  4-5 

RESOLUTION  OF  ANGLE  MEASUREMENT  TRANSDUCERS 


Measurement 

Instrument 

Gear  ratio 

Resolution 
(mrad  or 
meters) 

Base  roll , a 

Autocollimator 

— 

0.333 

Base  pitch,  6 

Autocollimator 

— 

0.333 

Base  yaw,  y 

Autocol limator 

— 

0.333 

Breech  az,  0^ 

14-bit  encoder 

1:1 

0.383 

Breech  el , 4)^^ 

14-bit  resolver 

7.988:1 

0.384 

Range  carriage,  ip 

11 -bit  resolver 

3.2:1 

0.959 

Sight  el  lead,  n 

11 -bit  resolver 

4.0:1 

0.767 

Sight  traverse  lead,  i; 

11 -bit  resolver 

4.0:1 

0.767 

Target  velocity,  U 

11 -bit  resolver 

1:1 

0.176 

Target  course,  x 

11 -bit  resolver 

1:1 

3.067 

Target  climb/dive,  6 

11 -bit  resolver 

2:1 

1.534 

Target  range,  R 

11-bit  resolver 

1:1 

Nonlinear 

6.36  m at 
3300  m 


2.  The  actual  error  in  each  of  the  five  measurements  is  assumed  to  be 
uniformly  distributed  with  zero  mean  and  range  from  -1/2  times  the  resolution 
of  measurement  to  +1/2  times  the  resolution  of  measurement.  The  following 
equations  are  used  to  determine  the  azimuth  and  elevation  angles  in  the  untilted 
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frame  from  the  five  angles,  a,  6,  y.  and 

<tg  = sin->(sin  cos  6 cos  a + cos  sin  sin  a cos  y 

- cos  4)^  cos  0^  sin  6|^  cos  yj 


0„  = tan-*  COS3  + cos  4)^  sin  e^^  cosa  cosy  - sin  9^^  sina  cosg 

ycos  cos  cosy  cose  + sin  sine  cosa  - cos  4)^  sin  9^^  cosa  siny 

4 

3.  A sketch  of  the  derivation  of  these  two  transformations  is  shown  in 
figure  4-2. 

4.  To  represent  the  uniform  distribution,  the  largest  negative,  largest 
positive,  and  zero  errors  were  considered  to  be  equally  likely.  Assuming  the 
five  rreasurements  were  independent,  t.iere  were  3*  or  243  equally  likely  out- 
comes to  be  considered  for  the  angles  * and  6 These  outcomes  were  then 
compared  with  the  values  for  and  0^  computed  when  the  assumed  actual  values 
for  a,  6,  y,  9^  are  used.  Table  4-6  shows  the  assumed  angles  which  are 
approximately  equal  to  those  used  for  three  of  the  tilts  in  the  static  test  for 
target  No.  1 (section  II,  table  II-2).  The  angles  are  in  radians. 

Table  4-6 

ASSUMED  ACTUAL  ANGLES 


Small 

tilt 

High 

positive 

tilt 

High 

negati  ve 
tilt 

a 

0.001 

0.01 

-0.008 

6 

0.001 

0.01 

-0.008 

y 

-0.001 

-0.001 

-0.001 

% 

0.008 

0.019 

-0.003 

% 

6.140 

6.140 

6.140 
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5.  A computer  program  was  written  to  calculate  the  243  error  outcomes  for 
<)>g  and  6g.  The  program  printed  out  <j>g  and  6^  in  radians.  The  errors  were 
printed  out  in  milliradians.  The  mean  and  standard  deviation  were  computed  in 
mi  Hi  radians. 

6.  The  results  of  this  analysis  are  shown  in  table  4-7.  Again,  the  angles 
are  in  radians.  It  is  apparent  that  the  error  due  to  the  effect  of  the  resolu- 
tion on  this  transformation  was  unbiased,  and  the  standard  deviation  was  smaller 
than  what  was  observed  in  the  static  test  (e.g.,  0.22  milliradians  for  Mg  as 
compared  with  0.60  milliradians  for  the  static  test).  This  was  probably  due  to 
the  errors  in  the  other  angular  measurements,  and  perhaps  some  other  differences 
were  due  to  factors  in  the  test  conditions.  The  largest  differences  occurring 
were  less  than  0.4  milliradians  in  absolute  value.  This  analysis  indicates 
that  the  resolution  in  these  five  measurements  was  not  a major  contributor  to 
total  instrumentation  error. 

Table  4-7 

RESOLUTION  DISTRIBUTION  SUMMARY 


A0 

=^6 

A 

Small  tilt 

6.13581 

0.00687 

0.00000 

0.00021 

0.00000 

0.00022 

High  positive  tilt 

6.13565 

0.00767 

0.00000 

0.00021 

0.00000 

0.00022 

High  negative  tilt 

6.13579 

0.00606 

0.00000 

0.00021 

0.00000 

0.00022 

P.  DATA  MEANS  AND  STANDARD  DEVIATION  PROCEDURES 

1.  The  sample  mean  (X)  for  the  observations  for  each  trial  was  computed 
by  the  following  formula: 


N 


N 

where  is  the  observation  and  N is  the  number  of  observations. 

2.  The  sample  standard  deviation  (S)  is  defined  as  the  square  root  of  the 
variance.  Thus  the  sample  standard  deviation  is  given  by 
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3.  The  number  of  acceptable  data  points  was  used  In  the  calculation  of 
the  sample  mean  and  standard  deviation  of  the  trial.  The  gunner's  tracking, 
error  for  the  calculation  of  the  instrumentatioh  error  was  computed  by  interpo- 
lating less  than  0.2  of  a second  on  HITVAL  I and  0.1  of  a second  for  HITVAL  II 
camera  film  data.  This  defined  an  acceptable  data  point.  Therefore,  these 

values  represent  the  best  estimate  of  the  standard  deviation  of  the  instrumen- 
tation  error  for  the  trial. 


E.  CHI -SQUARED  GOODNESS  OF  FIT  TEST 

1.  Prior  to  using  the  chi-squared  goodness  of  fit  test,  autocorrelation 
tests  were  accomplished  on  trials  that  have  long  continuous  acceptable  tracks 
(paragraph  F).  If  the  test  indicated  random  data,  the  chi-square  goodness  of 
It  test  was  used  to  test  the  hypothesis  that  the  data  are  normally  distributed. 
This  was  done  for  both  elevation  and  azimuth  angle  errors  when  applicable 
The  test  statistic  is 


observed  frequency  in  the  ith  cell  (i.e.. 
the  ith  cell). 


number  of  observed  values  in 


= expected  frequency  in  the  ith  cell. 


2.  Degrees  of  freedom  associated  with  are  K-3  where  K is  the  number  of 

cells.  small  value  of  is  associated  with  good  agreement  between  observed 

an  expected  values;  a large  value  indicates  discrepancy.  The  sample  has  been 

rejected  as  not  being  nontially  distributed  if  the  test  statistic  x“  is  such 
ths  t 
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X*  > P(x^o.io,  K-3) 

A value  of  < ^{x^q  lO  K-s)  normal  distribution  has  not 

been  rejected. 


F.  AUTOCORRELATION  PLOTS 

1.  The  autocorrelation  function  for  azimuth  and  elevation  errors  are 
plotted.  These  functions  show  if  the  variable  at  any  time  t is  related  to 
itself  at  time  t+k  where  k is  called  the  number  of  lags.  For  this  data,  one 
lag  is  equal  to  0.1  second.  If  the  data  were  purely  random  (i.e.,  white  noise), 
the  theoretical  autocorrelation  function  would  be  zero  for  all  lags  other  than 
zero.  The  sample  autocorrelation  function  for  random  data  should  exhibit 
small  variation  around  zero.  For  sufficient  sample  size  (250  samples  or  more 
is  probably  sufficient)  the  sample  autocorrelation  r (k)  defined  by 

A A 


'■xxC') 


N-k 

E (x(t)  - x)(x{t+k)  - x) 

N X v2 

E (x(t)  - x) 


is  approximately  normally  distributed  with  mean  zero  and  variance  1/N,  when 
the  data  are  random.  Also  if  the  data  are  random,  the  estimators  r^j^(j)  and 
r^^(k)  are  independent  for  j k,  and  j and  k 0.  These  facts  enable  one  to 
use  the  interval  [-1.96/N,  +1.96/N]  as  a 95  percent  confidence  interval  for 
rxx(k).  for  k 0,  under  the  hypothesis  that  the  data  are  random.  By  computing 
rxx(k)  i^or  the  first  30  or  40  lags,  approximately  95  percent  of  the  r (k) 
would  be  expected  to  fall  within  the  above  mentioned  interval. 

2.  Another  autocorrelation  estimator  which  is  denoted  by  r'  (k)  is  defined 

A A 

by 


(k) 


1 

N-k 


(x{t)  - l)(x{t+k) 


1 


2 


and  is  also  commonly  used.  Since  r'  (k)  = r^^(k)  . N/N-k,  it  is  very  easy  to 

AX  XX 

determine  either  of  these  estimators  from  the  other. 
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3.  The  behavior  of  the  autocorrelation  function  gives  an  indication  of 
the  process.  For  example,  moving  average  processes  of  low  order  are  character- 
ized by  a nonzero  autocorrelation  for  a few  lags  and  zero  autocorrelation  for 
all  other  lags.  Certain  first  order  autoregressi ve  processes  are  characterized 
by  an  acf  (autocorrelation  function)  which  declines  exponentially,  and  certain 
second  order  autoregressive  processes  are  characterized  by  an  acf  which  behaves 
like  an  exponentially  damped  sine  wave.  Seasonality  in  a stationary  process 

is  indicated  by  spikes  in  the  acf  at  lags  of  the  length  of  the  period. 

4.  The  examples  described  above  are  illustrations  of  some  of  the  various 
types  of  stationary  stochastic  processes.  A process  is  stationary,  in  layman's 
terms,  if  the  distribution  of  values  does  not  change  with  time.  There  are 
many  processes  aside  from  white  noise  which  are  stationary  and  for  which  the 
acf  is  useful.  A process  which  is  not  stationary  is  termed  nonstationary. 
Nonstationary  processes  are  characterized  by  autocorrelation  functions  which 
have  high  positive  values  for  many  lags  and  show  only  a slow  decline  in  value. 
The  acf  is  not  very  meaningful  or  useful  for  nonstationary  processes;  however, 
it  is  useful  in  detecting  nonstationarity.  Nonstationarity  was  detected  for 
some  of  the  data.  By  examining  the  average  for  different  segments  of  the  time 
series,  it  was  noted  that  the  mean  of  the  distribution  was  changing  with  time. 
The  data  were  definitely  characterized  as  nonstationary,  and  therefore  also  as 
nonrandom. 

5.  The  randomness  test  is  important  for  statistical  inference  since  it  is 
commonly  assumed  that  successive  values  are  realizations  of  independently, 
identically  distributed  random  variables.  It  is  therefore  important  that 

the  data  pass  a randomness  test  for  goodness  of  fit  tests  and  confidence 
interval  statements  to  be  meaningful. 

G.  RAW  POSITION  SIGMAS  PROCEDURE 

1.  The  raw,  X,  Y,  and  Z positions  were  computed  by  using  a computer  pro- 
gram with  inputs  from  each  cinetheodolite  azimuth  and  elevation.  An  angular 
standard  deviation  (sigma  A)  and  the  component  position  standard  deviation 
(sigmas  X,  Y,  and  Z)  were  computed  ior  each  unsmoothed  position  point.  The 
angular  standard  deviation  is  a function  of  the  residual  angles  associated 
wi th  each  camera  and  was  computed  using  the  equation 


FA  //  / M 

E ((da,  (cos  E,.)j  + DE|jj 

/ (2N-3) 
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where  DA^.  and  DE^.  are  the  angular- residuals  associated  with  the  ith  camera, 
and  N is  the  number  of  cameras  retained  in  the  position  solution.  The  position 
components  standard  deviations  were  computed  as  a function  of  and  the  co- 
factors of  the  principal  diagonal  in  the  least-squares  determinant  that  was  used 
in  the  position  solution. 

2.  The  line  of  sight  from  each  station  was  definea  from  observed  azimuth 
and  elevation  angles.  After  the  observed  azimuth  and  elevation  angles  were 
corrected  for  atmospheric  refraction  and  systematic  errors  of  the  instrumenta- 
tion, an  N-station  least  squares  solution  was  used  to  compute  the  expected 
position  data.  The  computed  position  was  determined  as  that  point  for  which 
the  sum  of  the  squares  of  the  angular  difference  between  the  expected  position 
and  observed  position  was  a minimum.  By  using  the  component  position  standard 
deviations  at  each  position  (sigma  x,  sigma  y,  and  sigma  z),  a root  mean  square 
(RMS)  radial  (r)  sigma  was  determined  for  each  raw  data  position.  By  using 
the  3-sigma  values,  99.8  percent  probability  estimate  can  be  obtained  concerning 
the  presision  of  each  raw  position.  Since  the  radial  sigma  was  a varying 
value,  a plot  of  radial  sigma  versus  time  for  each  analyzed  trial  was  made 
(annex  C).  The  size  of  this  probability  estimate  was  contingent  on  the  number 
rf  cinetheodolite  stations  used  in  the  solution  for  the  raw  position.  The 
computer  program  that  developed  this  raw  position  used  a weighting  factor 
dependent  on  the  number  of  stations  tracking  varying  from  1.7  with  two  stations 
to  1.1  with  maximum  stations  (9).  Since  the  number  of  stations  was  critical 
and  affected  the  radial  sigma,  the  sigma  plots  included  a plot  containing  the 
number  of  cinetheodolite  stations  at  the  same  time.  Table  III-7,  section  III, 
was  prepared  to  provide  ranges  of  radial  sigmas  for  each  trial. 

H.  SMOOTHING  RESIDUALS  PROCEDURE 

1.  The  raw  positions  determined  in  the  raw  cinetheodolite  tapes  was 
constrained  to  fit  a smooth  curve  approximating  the  track  of  the  tow  target. 

This  curve  was  developed  by  using  a 21-point  least  squares  fit.  The  residuals 
or  differences  from  the  raw  position  to  the  smooth  curve  position  were  summed 
for  the  21  points  and  an  average  smoothing  residual  was  determined.  Since  the 
curve  fitting  process  was  a continuing  process  (i.e.,  a new  point  was  added  as 
the  21st  point  was  dropped),  the  average  was  time  varying.  The  range  provided 
average  smoothing  residuals  in  x,  y,  and  z for  each  point  in  the  track.  The 
RMS  values  of  these  residuals  were  calculated  and  plotted  in  annex  C. 
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2.  The  process  of  fitting  raw  positions  to  the  smooth  curve  provided  a 
better  fit  to  the  real  world  situation  than  was  determined  by  just  raw 
positions  in  the  final  output  tape.  Therefore,  the  smoothing  residuals  provide 
some  guide  as  to  the  amount  that  raw  sigmas  on  the  average  can  be  corrected, 
to  provide  error  estimations  for  the  cinetheodolite  position  uncertainties. 
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